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The most potent androgen... 


PERANDREN 


(testosterone propionate U.S.P. XIII) 


IN THE MALE “The principal usefulness . . . has been as a replacement therapy . . .”! 
when functional or organic testicular deficiency exists. 
The chief indications are the male climacteric, hypogonadism, and impo- 
tence due to glandular causes. 
Dosage is from 10 to 25 mg. one to three times a week. Perandren 
should be discontinued or the dose decreased if priapism super- 


venes, or if mental excitement occurs. The amount administered to 
prepuberal boys should be insufhcient to precipitate puberty. 


IN THE FEMALE “...the use of androgens in women has resulted in . . . more effective 
management of a variety of clinical disorders.”* 
These include the menopausal syndrome, functional uterine bleeding and 


dysmenorrhea. 
Dosage should not exceed 300 mg. per month. Perandren should 
be discontinued or the dose decreased if signs of masculinization 
appear. 


1. Grollman, A.: Essentials of Endocrinology (Lippincott—Phila., 1944). 
2. Carter, Cohen and Shorr: Vitamins and Hormones (Academic Press), 
Volume V, 1947. 


e For further information write Medical Service Division. 


PERANDREN, multiple-dose vials 10 cc., 10, 25 and 50 mg. per cc., 
and ampuls 5, 10 and 25 mg. 


a . . a 
Vf Ciba PHARMACEUTICAL PRODUCTS, INC., SUMMIT. NEW JERSEY 
\ é PERANDREN — Trade Mark Reg. U.S. Pat. Off. ® 
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purpose, fine-mesh gauze strips impregnated with Furacin Soluble Dressing may be used. The effectiveness 
of Furacin in combatting mixed infections of burns without delay of healing has been well demonstrated.* 
Furacin N.N.R., brand of nitrofurazone, is available as Furacin Soluble Dressing and as Furacin Solution, both 
containing 0.2 per cent Furacin\ These preparations are indicated for topical application in the prophylaxis 
and treatment of infections of wounds, second and third degree burns, cutaneous ulcers, pyodermas and skin 


grafts. Literature on request. EATON LABORATORIES, INC.. NORWICH, N.Y. 
*Snyder, M. L., Kiehn, C. L. and Christopherson, J. W.: Mil. Surgeon, 97: 380, 1945. © Shipley, E. R. and Dodd, M. C.: 


Surg., Gynec. & Obst., 84: 366, 1947 © Mays, J. L.: J. Med. Assoc. Georgia, 36: 263, 1947. © Curtis, L.: Surg. Clin, N. 
America, 1466 (Dec.) 1947. 


Page 2 Surgery 


























| Claustro-Thermal* Catgut 


( boilable ) 


possesses all the qualities essential to proper 
function and is adaptable to all conditions and 
techniques where catgut sutures are indicated. It 
provides excellent tensile strength, compatibility 
with tissues and uniformity of dimension plus ab- 
solute sterility. It is unaffected by the reboiling or 
autoclaving of unused tubes. Obtainable in standard 
lengths or with swaged-on Atraumatic* needles 


specially developed for various types of surgery. 
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Steriljar packaging of Scanlan Sutures eli- 
minates handling and sterilizing—the Steriljar 
serves as a germicidal container for the sutures 
right in the operating room, instantly available 
for use. All strands are sterilized in glass tubes, 
filled with sterile alcohol, and hermetically 





a time-saver for 
the operating room 


STERILJAR 


Packaging of 
SCANLAN 


SUTURES 


* Always sterile.... 








* Always visible.... 
* Always ready for use 


IN THE OPERATING ROOM 


sealed under conditions which retain sterility of 
the outside and the inside of tubes. Tubes are 
sealed in a germicidal solution within a glass jar 
with plastic screw cap which has been rendered 
sterile. Suture tubes are packed 2 dozen or 3 
dozen to a jar, depending on size of tube. 





a 


STERILE TUBES 


are ready for immediate use without fur- 
ther sterilizing or handling. This reduces 


tube breakage, saves nurses’ time. 


DEEP IMMERSION 


Sufficient alcohol above the Sterile Tubes 
assures complete germicidal coverage 


until almost all sutures are removed. 





No additional germicide to buy. 








THE OHIO CHEMICAL & MFG. CO. 14100 East Washington Ave., Madison 10, 

Wisconsin ¢ Branch offices in principal cities * Represented in Canada by 

Ohio Chemical Canada Limited, Montreal and Toronto, and internationally 
by Airco Corporation (International), New York 18. 
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STERILJAR io 
complete with non-metallic cover, serves 
as a permanent suture jar for the oper- 
ating room—saves buying and steriliz- 
ing ordinary storage jars. —_ — 


VISIBILITY 


The clear glass of which Steriljar is 
made, keeps tubes always visible 


for inspection and quick counting. 


Scanlan Sutures are packed 2 dozen or 
3dozento ajar,depending on size of tube. 


Plastic screw cap is 
sealed on—guvaran- 
tees that both sutures 
and tubes are as 
sterile as when packed. 
Sterility warranted 
and proved. 
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ADVANTAGES FOR YOUR PATIENT 
aqueous » yet only 1 injection a day 
aqueous » minimal pain... no oil—no wax 
aqueous » prolonged therapeutic blood levels 


ADVANTAGES FOR YOU 


aqueous » easily suspended . . . stable for 21 days under re- 
frigeration, or a week at room temperature, with 
no significant loss of potency. In powder form— 
stable for a vear. 


aqueous » syringe and needle need not be dry; needle block- 
age minimized. 


aqueous » syringe and needle easily cleaned. 


Crysticillin 


Procaine Penicil r aqueous inject 


adry powder for the preparation of an aqueous suspension 


> single-dose vials of 300,000 units with and without diluent 
> multiple-dose vials of 1,500,000 and 3,000,000 units 


SQUIBB A LEADER IN PENICILLIN RESEARCH AND MANUFACTURE 
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A New Standard of Performance 


The AMERICAN” postwar 
Laisa? 


(MODEL DMCA) 





Complete intensity and directional control can 


be readily maintained by the circulating nurse 





or anesthetist from the Head End of the operat- 
‘ : ; ing table . . . outside the sterile surgical area. 
This excellent point of vantage insures accuracy 
as well as speed in making the changes in posi- 
tion called for by the surgeon before or during 
the operation, All interference with the surgical 















team is avoided. 


NOTE DUAL CONTROL FEATURE hich permits 
full manipulative direction of true horizontal 
light-beam approaches . . . an exclusive advan- 
tage made possible by a unique combination 
track and offset mounting. Height adjustment 
over the operative site, and complete flexibility 
of illumination from any desired angle in both 
vertical and horizontal planes can now be quickly 


and accurately attained. 


Only “American” Luminaires provide 
these additional combined advantages— 


@ Choice of light intensities before and 
during operation. 





@ Unsurpassed shadow reduction. 


@ Diagnostic color control. 





Note convenience and sim- 
plicity of cleaning and main- 
tenance operation 


@ Scientific heat control. 


WRITE TODAY for descriptive literature 


AMERICAN STERILIZER COMPANY 


Erie, Pennsylvania 


>f DESIGNERS AND MANUFACTURERS OF SURGICAL STERILIZERS, TABLES AND LIGHTS 14 
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-try tempting 


‘T he foods soft-diet patients have to eat! 
No wonder they succumb to appetite- 
apathy. 

But many physicians today have dis- 


on C 
Cwilts covered there 7s a way to put appetiz- 


\ Pm ing, real meat goodness into soft diets. 
» MeatsBahies?” They recommend Swift’s Strained 
Meats. These specially prepared meats 
retain all their palatability, and a max- 
imum of nutrient value in a form that’s 
highly digestible—easy to eat. ‘To vary 
6 varieties: patients’ menus, Swift's Strained Meats 
Beef, lamb, pork, offer six different kinds: beef, lamb, 
veal, liver, heart pork, veal, liver, heart. 


Swift's Strained Meats! 






















Nutriuonally, Swift's Strained Meats 


provide an excellent base for a high- 
protein, low-residue diet. A rich source 
of complete, high-quality proteins, 
they make available simultaneously all 
known essential amino acids—for opu- 
mum protein synthesis. In addition, 
Swift's Strained Meats supply hema- 
poeitic iron and goodly amounts of B 
vitamins. They’re convenient—ready 
to heat and serve. Let Swift’s Strained 
Meats help overcome anorexia in your 
soft-diet patients! 





The makers of Swift's Strained Meats invite you to send for 


the new physicians’ handbook of protein feeding, written by 
a doctor, ‘The Importance of Protein Foods in Health and 
Disease.’ Send to: 


SWIFT & COMPANY 


Chicago 9, Illinois : 
P comncn ont Adi nutritional statements made in this advertise- 
ag” ment are accepted by the Council on Foods and 
OSena ws Nutrition of the American Medical Association. 





its Meats can take foods of less 


FOR JUNIORS j Swift’s Diced Meats 





For patients who 
fine consistency 


offer tender morsels 
of nutritious meats 
with tempting 
flavors patients 
appreciate. 
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accurate skin temperature readings 
in one second with the Rauh Surface 
Pyrometer. Its high sensitivity in 
showing slight differences in skin 


temperatures between adjacent 





areas provides a ready source of 


information about circulation. 


See your dealer or write 
direct to us for full 


information. 


THE JOHN BUNN CORP. 


4) Vernon Place 
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This Signature 


the Genuine Instrument 


The clockwork precision of amodern operation requires instruments 
as accurate, as reliable as the surgeon himself. They must not fail. 


The three instruments illustrated below will never release their 
self-locking grip until the surgeon releases it. The Tru-Grip 
ratchet modification, a J. Sklar Manufacturing Company refine- 
ment, keeps the jaws perfectly aligned at an angle that assures 

a positive grip. There can be no creeping or slipping. The 
position of the ratchet release affords protection against 


damage to rubber gloves. 


As a further assurance of reliability, these are American- 
made stainless steel instruments ... further proof of Sklar 







superior quality. 
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During wakefulness associated 


with mental unrest, excitement, or extreme 
fatigue, even seconds seem like minutes. 
Sound sleep can be attained in fifteen to twenty minutes 
by the administration of ‘Seconal Sodium’ (Sodium Propyl-methyl-carbinyl Ally! 
Barbiturate, Lilly). The sedation is terminated in considerably less than eight hours, 
usually without leaving an aftereffect of drowsiness. The patient is assured 


a sound night’s sleep and awakes well rested and refreshed. 


Of the several barbiturates bearing the Lilly label, ‘Seconal Sodium’ is the most 


rapid in onset, the shortest in duration. 


Pulvules ‘Seconal Sodium’ are available as filled capsules 
containing 1 1/2 grains (0.1 Gm.) (No. 240) and 3/4 grain 
(0.05 Gm.) (No. 243). 


SECONAL SODIUM 





Et TALLY AND COMPANY 


INDIANAPOLIS 6, INDIANA, U.S.A. 
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Original Communications 


THE COLLATERAL CIRCULATION FOLLOWING LIGATION OF THE 
INFERIOR VENA CAVA 


INJECTION STUDIES IN STILLBORN INFANTS 


Lewis S. Roprnson, M.D., New OrLEANS, LA. 


(From the Departments of Anatomy and Gynecology, School of Medicine, Tulane University 


of Lowisiona) 


HE high mortality associated with suppurative thrombophlebitis of the 

pelvic veins, the frequent sequelae of infarction and pulmonary embolism, 
the occasional inefficiency of chemotherapy, antibiotics, and other conservative 
measures in these conditions, and poor results often obtained by ligation or 
excision of the ovarian, hypogastric, external iliae, common iliac, or femoral 
veins alone or in combinations, have resulted in an increased trend toward a 
broader type of operative procedure which has decidedly reduced the mortality 
and morbidity associated with this condition, namely, ligation of the ovarian 
vessels and the inferior vena cava, Ligation of the vena cava alone has also been 
effective in the therapy of phlebothrombosis and /or thrombophlebitis of the iliae 
vessels, 

The currently proved operative management of suppurative pelvic thrombo- 
phlebitis has stimulated an interest in the collateral circulation following liga- 
tion of the inferior vena eava below the renal veins. 

Purpura™ concluded, on the basis of experiments on dogs, that sudden 
ligation of the inferior vena cava in man was incompatible with life unless this 
vessel had been stenosed or effaced in part prior to ligation in order to permit 
eradual development of the collateral circulation. However, clinical observations 
have disproved this belief. It is now known that life is compatible with sudden 
complete ligation in the lower one-third of the inferior vena cava or gradual 
obliteration of the vessel.2-*® Numerous clinical? 1% 2% %4 4-43) 46°59 and experi- 
mental!» 25) 4% 97 68-69 Ohservations have shown that the inferior vena cava can 
he suddenly obliterated at any point below the renal veins, usually without 


Abstract of thesis submitted to the Graduate School, Tulane University of Louisiana, in 
partial fulfillment for the degree of Master of Science in Obstetrics and Gynecology. 


Aided by a grant from the B. B. Weinstein Research Fund. 


Received for publication, June 5, 1948. 
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provoking noticeable circulatory trouble, due to the ability of the collateral 
circulation to return adequately the venous blood. 

Haller,* in 1768, reported a case of obliteration of the lower one-third 
the inferior vena cava, and since then others*!® have reported similar cases and 
some have described the collateral circulation. Morgagni,*’ in 1769, reported a 
case of obliteration of the inferior vena cava and its tributaries and a number 
of others® *1-°% 87 have described obliteration of other portions of the inferior 
vena cava. Recovery has been reported in the majority of cases*: *-%8) “ste 888s 
in which the inferior vena cava had been ligated after its Injury in the course of 
nephrectomy or removal of an abdominal tumor. In 1903, Houzel’® concluded 
that ligation of the inferior vena cava was without great danger, and was indi- 
cated, if the vessel were wounded or had to be resected to remove a tumor. 
Pfaff,4* in 1926, concluded that its ligation below the renal veins was safer than 
suture of the wounded vessel. Ligation of the inferior vena cava has become 
increasingly popular since about 1906 in the surgical treatment of suppurative 
thrombophlebitis of the pelvie veins and signa oes and thrombophlebitis 


54, 47-55, 58-59, 69-78 


involving the common iliae veins.? 

Battle, (79), in 1887, stated that the signs and symptoms which follow 
blocking of the inferior vena cava are dependent upon whether this is acute or 
gradual in onset, whether a thrombus forms in the main vein or extends into 
the inferior vena cava from other veins, and whether the thrombus extends up- 
ward or downward. According to many authors, 1 12-18% 25%) 3% 98 7% Fs5 the 
most aha symptom is edema of the legs, followed by formation of a plexus of 
enlarged and varicose veins over the abdomen, flanks, lumbar region, and lower 
extremities. The direction of the blood flow in these large varicose veins is from 
below upward. Oceasionally varicocele, hemorrhoids, and dilated veins in the 
penis and serotum are present. Pain is inconstant and usually abdominal or 
lumbar. Occasionally there is ulceration of the lower extremities, some engorge- 
ment of the liver, and rarely albuminuria.** °* It is not uncommon to find that 
the edema of the lower extremities abates as the supplementary circulation is 
established.** However, these signs and symptoms are usually seen in cases of 
thrombosis or compression of the vena cava by tumors. Obstruction of the in- 
ferior vena cava, even when sudden or complete, is not necessarily accompanied 
by either edema or superficial collateral cireulation.** °° *® This is especially 
true following surgical ligation of the vessel.?: 17 2% ®4) 87-48, 46-99 Tn most of the 
‘ases Only a transitory edema has been present and development of the super- 
ficial collateral circulation has been a rare occurrence. 

Brackertz®? concluded from clinical and experimental studies that if the 
inferior vena cava is ligated suddenly just below the renal veins, the 
collateral circulation is formed mainly by the lumbar veins and their communica- 
tions. If the ligation is made just above the iliae veins, the superficial veins 
dilate to form the collateral circulation. He stated that this is confirmed by the 
observation that the abdominal veins are not enlarged when it is necessary to 
ligate the inferior vena cava following its injury during a nephrectomy. Wake- 
field and Mayo" concluded that if there is no intra-abdominal pressure, infection, 
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ete., the deep collateral channels are adequate in the development of a fully 
compensated collateral circulation when the inferior vena cava is obstructed 
helow the renal veins. However, if the deep channels do not develop to the 
extent necessary to pass the blood to the upper part of the vena cava, a fully 
compensated circulation cannot be developed by addition of the superficial 
channels. 

The absence of signs of serious vascular upset in cases of complete and 
sudden obstruction is probably due to the multiplicity of small collateral chan- 
nels, all of which are capable of prompt even if slight dilation, thus establishing 
rapid compensation. The period of adjustment is indicated by the transient 
edema.** 

The chances of postoperative complications after ligation of the inferior 
vena cava are minimized by postoperative lumbar sympathetice blocks or by inter- 


71-73, 87 


ruption of the sympathetic lumbar chain at the time of operation.**: °° 
Collins®?: °° and his co-workers found in their series that in some patients 
edema of the feet and legs developed immediately after ligation of the inferior 
vena cava, but subsided after a period of time. They reported their follow-up 
examinations to have revealed no edema of the extremities, no dilated peripheral 
veins, no evidence of varicosities of the vulva or vagina, and no hemorrhoids. 
Physiologie studies made on patients at Tulane University by Ray and 


Bureh*following ligation of the inferior vena cava revealed: 


1. Edema of the legs and feet varied from none to marked immediately 
after operation. In all instances in which edema occurred it usually 
disappeared by the end of the sixth week. In only two patients did 
it persist for as long as eight months. 


~ 


2. The pressure in the veins of the dorsum of the foot remained elevated 
in all eases. There was a decline over a period of four to five years, 
but in only two eases did it fall to the upper limits of normal. The 
pressure in the abdominal veins was increased. 

3. There were no varicosities, or nail or skin changes. The abdominal 
venous plexus was unusually prominent and the direetion of blood 
flow was cephalad in all cases. 

4. The volume of pulse deflections as measured by a plethysmograph 
was found to be reduced. 

». The rate of water loss from the skin of the tip of the right second toe 
and pretibial area was normal. 

6. There were no demonstrable ill effects from ligation of the inferior 

vena cava. 


According to Bureh*®® it is not surprising that only a few patients develop 
mild chronic edema following ligation of the inferior vena cava, as it is practi- 
‘ally impossible to produce edema in the legs of dogs by ligation of the inferior 
vena cava. 

EXPERIMENTAL STUDIES 

Human Cadavers.—There has been but little experimental work using 

human cadavers in the study of the collateral circulation of the inferior vena 
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eava. In an effort to study the collateral circulation during the autopsy of a 
ease with obliteration of the inferior vena cava from the renal veins to the 
common iliac vessels, Sappey and Dumontpallier® in 1862, injected the venous 
system with tallow via the femoral and axillary veins. They divided the col- 
lateral circulation into anterior, lateral, and posterior channels, and presented 
an excellent description of the veins concerned and their communications. In 
injection studies on cadavers, Cholwoz®? showed that at a pressure of 150 mm. 
He the collateral veins will become sufficiently functional in 90 per cent of the 
eases, especially in women who have borne children. Recently Batson’s®* ® 
work on the function of the vertebral veins and their role in metastasis has 
emphasized the potentialities and the collateral communications of this system 
in the cephalad flow of blood. He performed a very complete study of the 
vertebral veins in 100 cadavers by injecting a radiopaque material into the 
dorsal vein of the penis. More recently Northway and Greenway” have studied 
the collateral circulation following ligation of the inferior vena cava at a point 
in the lower one-third of the vessel. In their experiments they used unprepared 
cadavers and injected the venous system via the internal saphenous vein with a 
thin suspension of red lead. Following roentgenograms they dissected the 
venous channels concerned in the collateral cireulation. The results of these 
experiments are presented under the discussion of the collateral circulation. 

Animals.—Considerable time and effort has been spent throughout the years 
in experimental work on animals in an attempt to study the collateral circulation 
following ligation of the inferior vena cava at different levels. 

In 1669, Lower®*® published the first account of experimental ligation of the 
inferior vena cava in an animal. Brunton,** in his paper on the pathology of 
dropsy, cited Ranvier’s®® experiments of ligating the vena cava of the dog and 
the observation that it did not always produce edema of the legs. Purpura,?” 
in 1898-1899, on the basis of experiments on the dog, concluded: 


1. That survival is possible after the ligation is made in one stage at a 
point between the common iliac and the hepatic veins. Life is more 
difficult to maintain if the ligation is made above the renal veins. 

2. Stenosis of the vein prepares a terrain favorable to absolute 


~ 


obliteration. 

3. If obliteration is effected immediately below the renal veins, com- 
pensation is effected by the external anterior vertebral veins, the 
left ovarian-uterine veins, ureteral veins, veins of the abdominal 
wall, and inferior mesenteric vein. If the obliteration is above the 
renal veins, the circulation re-establishes itself by the vessels cling- 
ing to the veins of the parenchyme and capsule of the kidney, by the 
external anterior vertebral veins, veins of the abdominal wall, and 
inferior mesenteric vein. 

4. It is the same for man. Stenosis of the inferior vena cava favors 


obliteration of the vessel. 


Raynaud** found less albumin in the urine of rabbits and dogs after ligation 
of the inferior vena cava below the renal veins than after ligation above them. 
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(Grosset and Lecene,® in 1904, experimenting on the dog, coneluded, in part: 
1. The inferior caval system of the dog is exactly comparable to that 

of man. 

Ligation of the trunk of the inferior vena cava below the renal veins 


~ 


is not accompanied by any pathologic phenomenon, not even a trace 
of edema of the legs. 

3. Ligation of the trunk of the inferior vena cava above the renal 

veins provokes grave lesions of the kidneys. In spite of the existence 
of anastomoses between the renal veins and the caval and azygos 
systems, death always results from this ligation. 

Offergeld®! published experiments on ligation of the inferior vena cava 
between the renal and the common iliae veins on four rabbits, five cats, and two 
dogs. All the eats died, but the other animals survived without edema or severe 
disturbance in sensitivity or temperature. Clinically he noted slight extension 
of eardiae dullness to the left, and strengthening of the second sound at the 
aortic valve. The only other effect of the operation was a transitory disturbance 
of the motor nerves of the legs (tremor). 

Leotta,*’ following his experimental studies on animals in 1907-1908, 
reported : 


1. Ligation of the inferior vena cava above the renal veins is always 
followed by death resulting from renal lesions. 

» Ligation at the level of attachment of the two renal veins in such 
a manner that one renal vein remained above and the other below 
the ligation was fatal in 33 per cent of the animals and well tolerated 
in 67 per cent. Cireulation was re-established by the two azygos 
veins, the ascending lumbar veins, the reno-azygos trunk, and the 
lumbar vein of Legras, and by the epigastric veins and the internal 
mammary veins. 

3. Ligation of the inferior vena cava made below the renal veins, no 
matter at what point, was well supported. 

Bejan and Cohn,*® in 1911, did similar experiments on the dog. They 


coneluded : 


1. Ligation of the inferior vena cava below the attachment of the renal 
veins is compatible with survival and good health. 

2. Ligation at the level of the attachment of the renal veins and inelud- 
ing one of the veins in the ligature is well tolerated. The circulation 
for the involved kidney re-established itself easily by the veins at 
the superior pole, as well as by anastomosis with the corresponding 
suprarenal veins, the abdominal parietal veins, and the diaphrag- 
matie veins. 

3. Ligations made immediately above the renal veins and the left supra- 
renal vein are equally compatible with life. They are well tolerated 
and are compatible with good health. Circulation re-establishes it- 
self by the plexus of veins at the superior poles of the two kidneys 
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and from there by the suprarenal veins directly to the inferior vena 
cava at the right; and at the left when the suprarenal vein has been 
included in the ligation by a large anastomosis of this vein with the 
diaphragmatic veins, the abdominal parietal veins, the lumbar veins, 
and more distantly with the azygos and the vertebral veins. They 
pointed out that Purpura!” was the only one who had demonstrated 
survival in a similar ease of abrupt gation of the inferior vena cava 
above the renal veins. 

4. Ligations made higher than the right suprarenal vein always re- 


sulted in death. 


Brackertz’’ observed from animal experiments that the collateral circulation 
is formed mainly by the lumbar veins, when the inferior vena cava is suddenly 
ligated just below the renal veins; if the ligation is made just above the junction 
of the common iliae veins the superficial veins of the abdomen form the main 
collateral cireulation. 

In 1929 Polkey® studied the phenolsulfonphthalein output after ligation 
of the vena cava below the renal veins in dogs, and found the kidneys to be 
normal and to function well. His findings were in accord with both experi- 
mental and clinical investigations showing that the kidneys do not suffer, except 
temporarily perhaps, when the inferior vena cava is ligated below the level of 
the renal veins. Edema or slight albuminuria may develop, but neither is eom- 
mon, and both are usually transitory. 

Batson 's®® injection experiments on the monkey have done much toward 
demonstrating the extensiveness of the potential collateral circulatory system 
and the importance of the vertebral veins following ligation of the inferior vena 
cava. In his experiments he injected the dorsal vein of the penis with a radio- 
paque mass and observed that the material passed into the pelvis, followed the 
pelvic wall, and ascended the trunk by means of the inferior vena cava. He 
felt that this was the ordinary course of flow during trunk muscle inactivity. 
When a towel was tied about the abdomen to simulate physiologic conditions of 
increased intra-abdominal pressure and the injection was repeated, while some 
of the material entered the inferior vena cava, it ascended only part way; some 
of the solution entered the vertebral system of veins through which it passed 
the zone of compression and then flowed into the vessels of the thoracie spine 
and out into the lower intercostal veins. These experiments show the venous 
flow to be trom the pelvie veins into the vertebral vein system during abdominal 
straining or compression. 

Whittenberger and Huggins,® in 1940, concluded from their experiments 
that ligation of the inferior vena cava above both renal veins caused death in 
dogs in a few hours from surgical shock, due to accumulation of blood from the 
kidneys in the posterior portion of the body. When oblique ligation of the in- 
ferior vena cava between the kidneys is done, allowing development of collateral 
veins in one kidney, subsequent complete high ligation of the vena cava is well 
horne: it is not followed by shock or interference with renal function in the 


kidney with adequate venous drainage. 
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Most authors agree that the mortality is high and the kidneys are seriously 
affected after ligation of the inferior vena cava above the renal veins. In the 
event of recovery, however, the kidneys resume good functional activity. 


ANATOMY 


Seib’® dissected the azygos system of veins in 200 cadavers and studied the 
origin of the azygos and hemiazygos veins. The azygos usually arises from the 
dorsal aspect of the inferior vena cava at the level of the second lumbar vertebra. 
The hemiazygos usually arises from the dorsal asjeect of the left renal veins, 
sinistral to the aorta and opposite the upper part of the second lumbar vertebra. 
Both the azygos and the hemiazygos then continue cranially to enter the thorax, 
passing through the crura of the diaphragm. As they reach the body of the 
twelfth thoracie vertebra they are joined, laterally, by the common trunk of the 
subcostal and ascending lumbar veins, medially, often by a persistent right or 
left subeentral vein. Up to this point the azygos or hemiazygos may be appro- 
priately named lumbar azygos or lumbar hemiazygos, but with these reinforee- 
ments their diameter usually becomes considerably augmented and they may be 
designated azygos or hemiazygos, as they continue cranialward in the thorax. 
ne is not always able to define the lumbar portion of the azygos or hemiazygos 
veins. Therefore, Seib considered the azygos and hemiazygos as being formed 
from several roots, one of which would be the lumbar azygos or lumbar hemia- 
zvgos veins. He defined the origin of the azygos and hemiazygos veins, in terms 
of adult descriptive anatomy, as follows: The azygos and hemiazygos veins 
arise in the thorax from one, two, or three roots; a lateral, the common trunk 
of the ascending lumbar and subcostal veins; an intermediate, the lumbar por- 
tion of the azygos or hemiazvgos veins; and a medial, the persistent right or 
left subcentral vein. 

Keen,’* in reporting a case of thrombosis of the inferior vena cava, was of 
the opinion that if the inferior vena cava becomes obstructed, the right side of 
the body will be more embarrassed than the left, because on the right side the 
embryonic veins have become incorporated in the inferior vena cava and are 
not available if the vessel becomes thrombosed. On the left side, remnants of 
the embryonic pattern may be present as small anastomotic vessels which can 
hecome dilated in case of necessity. In his case this offered a reasonable ex- 
planation of the difference in compensation on the two sides as evideneed by 
varicosities of the right leg. Latimer and Virden** reported a case of complete 
absence of the inferior vena cava, and described the collateral circulation and its 
embrvologie interpretation. 

As may well be expected, the veins concerned in the collateral circulation 
following ligation of the inferior vena cava are numerous. Haller,‘ in 1768, was 
probably the first to describe the collateral channels in a case where the inferior 
vena cava was obliterated between the iliac and the renal veins. In his case 
the circulation was re-established by the uterine veins, the right utero-ovarian 
veins, and the right ureteric vein, the latter being the principal vein in the eolla- 
teral circulation. Baillie,? in 1793, described the collateral circulation by the 
lumbar and azygos veins, but the thrombosis involved the upper two-thirds of 














336 SURGERY 


the inferior vena cava. Cruveilhier®? showed that the principal means of estab- 
lishing circulation between the inferior vena cava and the superior vena cava 
are the azygos and vertebral system of veins, and the superficial veins of the 
trunk. Cruveilhier stated that the great azygos vein which is generally regarded 
as the chief communication between the two vena cavas is not indispensable 
because of the presence of the anterior and posterior vertebral plexus of veins. 
He had observed cases in which either the superior or the inferior vena cava 
had been obliterated without noticeable increase of the azygos vein, or even 
without edema of the extremities. Wilson,®® in 1804, described the vertebral, 
portal, and azygos routes in detail in a case of thrombosis of the lower two- 
thirds of the inferior vena cava. Bidault,? in 1804, and Castelnau,® in 1841, 
deseribed the superficial veins making up the collateral circulation in eases of 
obliteration of the lower one-third of the inferior vena cava. Hodgson‘ also 
described the superficial veins in a similar case, but also included dilation of the 
lumbar veins and the epigastric veins. 

Hallet® described a case of obliteration of the lower one-third of the in- 
ferior vena cava in a woman, and stated that the veins of the uterus were dilated 
and formed a plexus to aid it, of which the veins of one side communicated with 
veins of the opposite side. He found the collateral circulation to be established 
by the uterine veins, the left utero-ovarian vein, the left ureteric vein, and the 
left renal vein. The left utero-ovarian vein was quite dilated, but the parietal 
veins were not. This case is similar to that reported by Haller.‘ 

Sappey and Dumontpallier,® in 1862, reviewed the literature and described 
the collateral circulation in obliteration in different types of obstruction of the 
inferior vena cava. In their reported case of obliteration of the inferior vena 
cava in its lower one-third, the collateral circulation was described in detail 
following injection and dissection of the veins at autopsy. Their dese«iption 
included the superficial and deep veins of the anterior and lateral abdominal 
walls and thorax, and four venous currents on the posterior part of the trunk 
which included the lumbar veins, the azygos system, the portal system via the 
inferior mesenteric vein, and the vertebral system of veins. They mentioned 
equal dilation of all the deep and superficial veins of the posterior wall of the 
abdomen, and ‘‘especially the extra- and intra-vertebral veins which bring back 
the blood in the superior one-half of the ascending vena cava and in the azygos 
veins.’’ Peacock,?* Turpin,'® Thomas,’°° Stillman and Carey,!? Skillern,’* *4 
and Keen* have also mentioned the importance of the vertebral plexus of veins 
in the formation of the collateral circulation in occlusion ot the inferior vena 
cava. Nicaise’®' and Poirier® pointed out that if a ligation were made at a point 
on the trunk of the inferior vena cava and the iliae veins were injected, the 
fluid easily arrived in the heart and the same result could be obtained by ligating 
the inferior vena cava in several places at once; that the amplitude of the anasto- 
motie paths which supply this venous trunk is great enough that the injected 
liquid would reach the heart even if the trunk had been obliterated in its total- 
ity; and that the venous anastomosis would also connect the two ends of the 


inferior vena cava. 
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Poirier® stated that the collateral circulation following ligation or oblitera- 
tion of the inferior vena cava was extensive, and included the azygos veins, lum- 
bar and sacral veins, diaphragmatic veins, vertebral veins, renal veins, veins 
of the anterior abdominal wall, and the portal vein. 

Other authors have also described the collateral circulation in varying de- 
grees of detail in reporting cases of obstruction or thrombosis of the inferior 
vena -ava.t! 12-19, 28, 30, 79-86 

More recently Sparks and Fox*! and Keen®* have described the collateral 
circulation in two cases of complete obstruction of the inferior vena cava from 
its beginning to the hepatic veins. Thomas,’°® in 1893, showed in table form 
the veins involved in the establishment of the collateral circulation following 
various types of obstruction of the inferior vena cava. These tables were modi- 
fied in Pleasants’®® classical work on the subject in 1911. 

Batson’s®” *! experiments on animals and the human cadaver demonstrated 
a set of valveless, lexiform, longitudinal, venous channels that join the cranial 
venous sinuses to the pelvie veins without the intermediation of the lungs. Bat- 
son considered the vertebral veins as a system of valveless vessels which carry 
the blood under low pressures, consisting of the epidural veins, the perivertebral 
veins, the veins of the thoracoabdominal wall, the veins of the head and neck, 
and the veins of the walls of the blood vessels of the extremities. He further 
considered this system to be a storage lake because the vascular bed is much 
larger around the vertebral column than required by the part in which it is 
found. He pointed out that the vertebral venous system is constantly subject 
to arrests and reversals in the direction of flow of blood and that it parallels, 
connects with, and provides by-passes for the portal, the pulmonary, and the 
caval system of veins. 

In 1944 Northway and Greenway’ studied the vena cava and its collateral 
circulation, using unprepared cadavers. The inferior vena cava was doubly 
ligated above the bifurcation and radiopaque material was injected into the 
system via the saphenous vein. They found the external and internal vertebral 
plexi to form a vast network of intercommunicating valveless veins within and 
without the spinal canal. These form an adequate communication between dif- 
ferent levels of the inferior caval systems themselves as well as between the in- 
ferior and superior caval systems. They concluded that this extensive system 
is more than adequate in its collateral potentialities, and emphasized that ligation 
of the inferior vena cava merely serves to place a closed valve within the vena 
cava, that portion of the vein proximal to the ligature being readily filled from 
the communicating branches of the vertebral plexus. 


PERSONAL OBSERVATIONS 


Kight stillborn infants were used in this injection study of the collatera! 
circulation following ligation of a point on the lower one-third of the inferior 
vena cava. These specimens had been held in a morgue refrigerator more than 
forty-eight hours, and all had some degree of post-mortem clotting. The weights 
varied from about one pound to thirteen and one-half pounds. The technique 
used was similar to that of Lieb'®? with some of the modifications of Duff and 
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More.’ The injection apparatus employed was essentially that deseribed by 
Narat, Loef, and Narat'’* in their article on the preparation of multicolored 
corrosion specimens. However, in most of the cases a small electric motor-driven 
pump which produced a pressure of from 100 to 120 mm. He was used. In 
two cases a large syringe with a cord plunger was substituted. The syringe was 
satisfactory for injection of Neoprene* for the plunger did not stick as does a 
glass or metal plunger. However, a constant pressure is difficult to maintain 
by such a method and one is likely to rupture the small mesenteric or retroperi- 
toneal veins. 

It was difficult to find a suitable vessel or combination of vessels to perfuse 
through in an effort to drive the blood from the venous system. As a rule, edema 
of the tissues would occlude the circulation after two to three hours. After 
several vessels and combination of vessels were tried, it was found that the best 
results were obtained by perfusion through a femoral or axillary vein, allowing 
the water to drain from the umbilical artery or the femoral or axillary vein of 
the opposite side. When ascites or edema closed these routes of drainage, the 
water was allowed to escape through an incision made in the right atrium. The 
axillary veins were ligated and the right atrial incision was repaired prior to 
injection. 

It was found that unless the azygos vein was ligated at its termination and 
the superior vena cava ligated at the heart, a retrograde flow of the injection 
mass filled the veins of the thorax and neck. Naturally this filling did not give 
a true picture of the collateral circulation. It was further determined that the 
ascending aorta should be ligated to prevent filling of the arterial system. 

Considerable difficulty was experienced in finding a suitable vein for cannu- 
lation, perfusion, and injection. Due to the small size and the thin wall of the 
veins of most of the specimens, small cannulas were unsatisfactory because they 
tore the vein wall or had so small a tip that very little pressure could be used 
in perfusion or injection, Larger cannulas were diffieult to place in the small 
femoral or saphenous veins. A No. 10 rubber T tube was placed in the inferior 
vena cava in several specimens and was fairly satisfactory. Good results were 
obtained by perfusing through the tube and injecting through it following liga- 
tion of the inferior vena cava below the renal veins. However, on small speci- 
mens it was difficult to place such a tube in position. The best results were ob- 
tained by the use of 15 to 18 gauge needles with rounded points. These needles 
could be inserted in the femoral or internal saphenous veins without difficulty, 
and tied and left in place. By this method a minimum of manipulation in the 
abdomen was necessary. It was found early in the experiment that the handling 
of the intestine and the solid viscera, or probing about to isolate and cannulate 
the inferior vena cava, caused considerable leakage of the injection mass from 
the liver and mesenteric and retroperitonal veins, which made dissection diffieult 
and obscured the outline of the veins by x-ray. 

In Case 1, synthetic liquid latex (yellow) was used for the injection mass. 
Results were fairly satisfactory except that the mass was not radiopaque, was 


*The Anode Co., Akron, Ohio. 
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too thiek to fill the smaller veins well, and was quite friable after fixation, so 


that the veins broke easily during dissection. In the rest of the cases blue radio- 
paque Neoprene was used. The mass was very thin, filled even the smallest 
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Fig. 1.—Veins of the vertebral column. 
veins, and was quite elastic following fixation, making isolation and identifica- 
tion of veins easy if reasonable care was used in the dissection. However, the 


radiopaque material settles out rapidly if allowed to stand, and one must agitate 
the bottle containing the solution constantly during injection. Even so, the mass 
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does not give clear outlines of the injected veins on roentgenograms. The ad- 
dition of 100 ¢.c. of skiodan to approximately 600 ¢.¢. of Neoprene in an effort 
to make the solution more radiopaque in Case 8 made no noticeable difference 


in opacity. 
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Leakage of the injection mass is easily controlled by touching the vessel or 
organ with cotton pledgets saturated with elacial acetic acid. It was found 
that a solution of 10 per cent acetic acid and 10 per cent formaldehyde was 
more satistactory for fixing the Neoprene in the stillborn infant, and better 
preserved the specimens for roentgenograms and dissection. Following fixation 
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Fig. 3.—Veins of the walls of thorax and abdomen, posterior view. 


of the injection mass the liver, lungs, and small and large intestines were care- 
tully removed to give clearer roentgenograms of the veins of the thorax and 
abdomen. The inferior mesenteric vein and hemorrhoidal veins were preserved 
in all specimens. Pins were placed in the larger veins before the x-ray views 
were taken, in an effort to establish landmarks to aid in identification of the eolla- 
terals. 

Corrosion specimens were obtained in Cases 2, 4, and 5. The technique 
102 


used was similar to that of Lieb'’? except that the specimen was placed in a 


tightly covered vessel containing concentrated U.S.P. hydrochloric acid and put 
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in an incubator at 52° for a period of forty-eight hours. Corrosion specimens 
were not too satisfactory due to incomplete filling of the vessels, thrombi in the 
veins which caused organs to be lost and hence destroy landmarks, and the facet 
that the casts of the innumerable fine veins stuck together and formed an in- 
separable mass or occluded the Jarger venous casts by their presence. It was 
noted in all cases that the vertebral plexus was made up of a multitude of fine, 
interecommunicating, longitudinal veins from the sacrum to the cranial vault. 
They had a multitude of communications throughout their course. The three 
corrosion specimens added little to the experiment except to show that there 
does exist a very adequate collateral circulation between the proximal and distal 


portions of the inferior vena cava when it is ligated between the renal veins 
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Fig. 4.—Veins of the viscera of the pelvis and anastomoses with the portal system. 


and the junction of the common iliac veins. In this series, x-ray studies of the 
injected vessels were unsatisfactory due to the inadequacy of the opaque ma- 
terial in the injection mass, the poor filling in some of the eases, and the small 
size of the vessels concerned. It was noted that as far as x-ray, dissection, and 
corrosion studies were concerned, the small three- to six-pound specimens gave 
the best results. The smaller specimens are more difficult to prepare for in- 
jection, but due to their small size and the absence of excessive adipose tissue, 
they are easier to dissect and more satisfactory roentgenograms are obtained. 


For convenience of description and identification, an attempt has been 


made to divide the veins into seven groups corresponding, in so far as possible, 
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to 2 combination of the usual system of classification'’’'°* and a regional separa- 
tion. These are, namely, (1) the vertebral plexus of veins; (2) veins of the 
thoracic wall; (3) veins of the neck; (4) veins of the walls of the abdomen and 
pelvis; (5) veins of the viscera of the abdomen and pelvis, including the portal 
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Fig. 5.—Superficial veins of the trunk. 


system; (6) veins of the thoracie viscera; (7) veins of the subeutaneous tissue 
of the abdomen and pelvis. It is to be noted that all seven groups of veins inter- 
communicate either directly or indirectly, and that all are concerned with the 
establishment of the collateral circulation following ligation of the inferior vena 
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cava. Figs. 1 to 5 illustrate the main veins concerned in the collateral cireula- 
tion. As a result of the injection studies, the vertebral, azygos, and portal sys- 
tems of veins are considered the most important routes of the collateral cireula- 
tion following ligation of the inferior vena cava. The superficial veins of the 
trunk are the least important of the collaterals. 

Observations during the injection of Neoprene into the saphenous or femoral 
veins showed the vertebral and azygos systems to fill immediately. Also, the 
visceral veins of the abdomen and pelvis filled readily as evidenced by the in- 
jection of the mesenteric veins, the liver, and organs in the pelvis. Studies 
following injection showed the vertebral plexus of veins, the veins of the neck, 
the veins of the thoracic wall (including the azygos system), the veins of the 
walls of the abdomen and pelvis, and the veins of the abdominal and thoracic 
viscera to be well filled, and in most cases to communicate. However, the super- 
ficial collaterals were found to be only partially filled, if at all, and anastomotic 
connections, as evidenced by the injection mass, were infrequent. These results 
coineide with clinical and experimental evidence concerning surgical ligation of 
the inferior vena cava, that is, (1) the vertebral, azygos, and portal systems of 
veins play a large role in the collateral circulation following ligation of the in- 
ferior vena cava; the superficial veins are rarely dilated; (2) following ligation 
of the inferior vena cava at any point in the lower one-third, the proximal and 
distal ends are still filled and still communicate due to its vast collateral system ; 

3) after ligation of the inferior one-third of the inferior vena cava the colla- 
teral channels are more than adequate to return effectively the blood from the 
lower portions of the body to the heart without noticeable changes in the cireula- 
tion. 


SUMMARY 


1. The history of obstruction and ligation of the inferior vena cava Is re- 
viewed, 

2. The signs and svmptoms found in obliteration by disease of part or all of 
the inferior vena cava, and following ligation in the lower one-third of the vessel, 
are briefly discussed. 

3. The experimental work on human cadavers and animals in the study of 
the collateral cireulation of the lower one-third of the inferior vena cava is 
reviewed. The conclusions regarding the results of the various experiments are 
enumerated. 

4. The collateral channels concerned and their deseription by various 
workers, following obliteration or ligation of various portions of the inferior 
vena cava are presented, along with a review of the literature on this subject. 

). The procedure of injection studies in stillborn infants is reported, Dis- 
section, corrosion, and roentgenogram studies were made of specimens. 

6. The collateral circulation following ligation of a point on the lower one- 
third of the inferior vena cava is presented. 
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TETRAETHYLAMMONIUM CHLORIDE IN EVALUATION OF 
LOWER EXTREMITY ARTERIAL DISORDERS 


(‘rH ARLES Hl. McInryre, M.D..* San Dieco, Cauir., AND Rosert L. MArsu, M.D., 
‘ND JOHN D. Brigas, M.D., Los ANGELES, CALIF. 


(From the Department of Surgery, Wadsworth General Hospital, Veterans Administration 


Center, Los Ange les) 


AS INDICATIONS for lumbar sympathectomy have broadened, the need for 
accurate preoperative evaluation of patients with lower extremity arterial 
disorders has been increasingly apparent. Oscillometry has been little used 
where accurate opinions are needed; plethysmographie studies appear most use- 
ful where institutional study is possible. Skin temperature studies are probably 
more valuable than oscillometry and less tedious than plethysmography. Lum- 
bar svympathetie block with procaine is a tedious, painful procedure. Spinal 
anesthesia allows simultaneous study of both lower extremities but does not 
permit evaluation of exercise tolerance. 

Apparently, response to temporary autonomic blockage with tetraethyl- 
ammonium chloridet answers the need for a clinically practical method of ae- 
curate study; it does not require hospitalization and is easy of interpretation. 
Lyons, Moe, Neligh, Hoobler, Campbell, Berry, and Rennick' concluded that 
action of the tetraethylammonium ion is best explained as a blockade of the 
sympathetic and parasympathetic ganglia. A further study* summarized results 
following 1,500 injections of the drug. Cooper, Robertson, and Dennis‘ recently 
coneluded that chemical blockade of autonomic ganglia by the tetraethylam- 
monium ion may be of value in acute arterial deficiency following arterial injury 
as a substitute for other methods of sympathetic interruption, or as a prelimi- 
nary to svmpathetie interruption. They believed that favorable results incident 
to use of tetraethylammonium chloride are due to removal of collateral vessel 
vasoconstriction and resulting vasodilatation. 

During the study reported in this paper, tetraethylammonium chloride was 
used as the sole agent to produce autonomic blockade. Two hundred intravenous 
injections of the drug were given in doses ranging trom 400 to 500 mg. Intra- 
museular administration of the drug accounted for an additional 100 injections. 
Only one alarming blood pressure depression occurred, this in an 80-year-old 
man with auricular fibrillation, congestive failure, and popliteal artery throm- 
hosis. We now consider tetraethylammonium chloride safe for clinical use but 
do continue to follow, in general, the precautionary measures and routine prac- 
ticed by the original investigators. One patient received 34,000 mg. intramuscu- 
larly over a period of ten days with no unfavorable reaction. One bed patient 
required an indwelling catheter for eight days during prolonged usage of 
the drug. 

Published with permission of the Chief Medical Director. Department of Medicine and 
Surgery, Veterans Administration. who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 

Received for publication, July 7, 1948. 

*Formerly, Chief, Surgical Service, Wadsworth General Hospital. 

7The tetraethylammonium chloride used in this study was supplied as Etamon Chloride 


by Parke, Davis & Company, Detroit, Mich., in 20 ¢.c. sterile ampules, through the courtesy 
of Dr. E. C. Vonder Heide. 
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Twenty-six patients were subjected to 28 lumbar sympathectomies during 
this study. The operation, in each case, was done for functional or occlusive 
lower extremity vascular disease. The transverse incision employed for sym- 
pathectomy is similar to that used for removal of the gall bladder, although the 
inner end is one or more inches lower and the approach is retroperitoneal. The 
fourth lumbar ganglion was spared in the first 20 operations but has been re- 
sected since that time. When possible, the first ganglion has been removed in 
addition to the second, third, and fourth. No mortality has occurred. One 
reactive wound infection required resection of the scar with removal of silk 
sutures. We now consider it inadvisable to use nonabsorbable sutures in patients 
with thromboanegiitis obliterans. 


TECHNICAL METHOD 


Skin temperature tests were carried out with the patient recumbent and 
unclothed in a draftless room, the temperature varying from 74 to 84° F. High 
room temperatures perhaps gave falsely high basal skin temperatures, but we do 
not believe results are significantly modified in differential responses. Each 
patient was left uncovered for 30 minutes prior to the tests and usually felt 
slightly cool at the time determinations were made. Corrections were made for 
each variation in room temperature occurring between skin temperature readings. 

Initial thermocouple recordings were made from symmetrical locations on 
the forearms, body, and lower extremities, including the first and fifth toes. 
Tetraethyvlammonium chloride was then injected intravenously over a period of 
60 seconds. Blood pressure and pulse rate were recorded each 5 minutes and 
skin temperature readings were again made 30 minutes following autonomic 
blockade. Maximum increase in temperature usually occurred between 25 and 
30 minutes after the intravenous injection. The patient was then allowed to 
dress and his ‘‘exercise tolerance’’ over a measured distance was noted. On 
assuming the upright position from recumbency, the patient invariably was 
momentarily dizzy but within 5 minutes could usually walk rapidly without help. 
More than one-half our patients were those walking on crutches or with impend- 
ing gangrene. In these, it was necessary to rely on the patients’ opinions of 
subjective change after injection of the drug. Comparative venous filling times 
were done when feasible. Subsequent intramuscular injections of the drug were 
often used when it seemed desirable to obtain a better opinion of subjective 
change following chemical blockade; in some instances the patient was not told 
the nature of the drug being injected. When intramuscular administration was 
emploved for diagnostie purposes, 500 me. of tetraethylammonium chloride were 
injected in one buttock every 4 hours. Oceasionally, 1000 mg. were injected 
every 4 hours, half in each buttock. 

Patients experiencing good subjective responses invariably stated that the 
leg and foot seemed much warmer, less tense, and had ‘‘more life.’’ They could 
walk faster and claudication appeared later. It must be admitted that vaso- 
dilatation following one intravenous injection rarely lasts objectively more than 
40 minutes. Subjectively, the improvement rarely persisted over 2 hours. Re- 


sults in alleviating true ‘‘isechemie rest pain’’ were very poor. Skin temperatures 
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following tetraethylammonium chloride intravenously averaged 2° C. lower than 
those usually obtained following surgical ganglionectomy. We have, however, 
had an oceasional case in which one poor objective response to chemical blockade 


was followed by later satisfactory responses. 


ANALYSIS OF OPERATIONS 


Group I. Functional Lower Extremity Vascular Disease (8 cases, 9 lumbar 
sympathectomies).—Seven patients were under 40 years of age. All had cool, 
moist feet, nocturnal burning pain, and the symptoms had followed trauma. The 
postoperative results were classified as excellent in 6 and satisfactory in 2 cases. 
The minimum period of follow-up was 7 months. In 8 patients the skin tempera- 
ture response following autonomic blockade was excellent. In 7 patients the 
subjective response was excellent; in 1 patient it was equivocal. In no ease did 
the symptomatic relief following tetraethylammonium chloride exceed 18 hours. 

Group II. Thrombo-angitis Obliterans (12 cases, 12 lumbar sympathec- 
tomies).—The 12 patients were less than 51 vears of age and the diagnosis was 
earetully established in each case. Five patients had previously been subjected 
to thigh amputation. Following svmpathectomy the results were considered ex- 
cellent in 3, satisfactory in 4, and failures in 5 eases. The minimum period of 
follow-up was 5 months. The failures were followed by leg amputation in 3 and 
by thigh amputation in 2 cases. In the 3 patients with results classified as 
excellent, the preoperative skin temperature response to autonomic blockade and 
the subjective response were equally good. In the 4 patients with satisfactory 
results after operation there was little preoperative temperature improvement on 
autonomic blockade, but in the 4 eases all had obtained good subjective response 
to tetraethylammonium chloride. In the 5 failures no preoperative subjective 
improvement had occurred, vet 3 of these patients had fair preoperative tem- 
perature responses. 

Group IIT. Arteriosclerotic Lower Extremity Arterial Disease (6 cases, 7 
lumbar sympathectonues).—The 6 patients were more than 50 but less than 65 
years old. Following lumbar sympathectomy the results were considered satis- 
factory in 3 cases and poor in 35 eases. The minimum period of follow-up was 
6 months. In the 3 patients with satisfactory results the preoperative skin 
temperature response following tetraethylammonium chloride agreed with the 
subjective improvement. In the 3 eases with poor operative results, good tem- 
perature response had occurred prior to operation in 2 cases but the subjective 


response to autonomie blockade had been absent. 


COMMENT 


It is generally agreed that none of the commonly used tests for the presence 
or absence of vasomotor constriction is completely satisfactory. Clinical evalua- 
tion of the average patient has required hospitalization and laborious study with 
methods which are not exact. The subjective response to any method of exami- 
nation should be superior if it confirms the impression of the examiner, who is 
able by experience to evaluate objective information obtained by inspection and 


palpation. In our hands, tetraethylammonium chloride has given an average 
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skin temperature response only 2° C. lower than that obtained by lumbar sym- 
patheetomy. The immediate subjective response of increased ‘‘exercise toler- 
ance’’ following chemical autonomic blockade has been striking in our experience. 
For the patient who cannot be ambulated, repeated intramuscular therapy has 
relieved the presenting symptoms when marked vasomotor constriction was pres- 
ent. It is possible that the incorporation of tetraethylammonium chloride in a 
medium permitting much slower absorption and excretion would answer the 
desirability of maintained uniform response for a number of hours following a 
single intramuscular injection. We believe that this drug can be used in the 
physician’s office and that it will give him an opportunity to evaluate many 
types of peripheral vascular disease with much greater ease than has heretofore 


heen possible. 


SUMMARY AND CONCLUSIONS 





1. Tetraethvlammonium chloride has been used as the sole agent to produce 
autonomic blockade in the preoperative study of a group of patients with lower 
extremity peripheral vascular disorders. The drug has been found safe to use 
and no serious reaction has occurred in a series of 300 injections. 

2. In the preoperative evaluation of a series of 26 patients later subjected 
to lumbar sympathectomy, skin temperature studies have been compared with 
‘‘exercise tolerance’’ or other subjective response in the same patients. Sub- 
jective change following chemical autonomie blockade has usually predicted the 
expected result following lumbar sympathectomy better than have the skin tem- 
perature studies. 

3. We now depend on the subjective response to chemical autonomic block- 
ade in determining the advisability of lumbar sympathectomy. 
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as a definitive curative remedy. Following this more radical operation, there 
was noted a marked reduction in the percentage of gastrojejunal uleer, a c¢om- 
plication which followed the operation of simple gastroenterostomy with dis- 
tressing frequency. To Lewisohn and Berg belongs the credit for introducing 
Haberer’s operation to America and for insisting, in spite of almost universa! 
opposition in the early years, that its proper performance was based on sound 
physiologic principles and would result in a high percentage of permanent 


eures. 


recommendation that vagotomy be used as a definitive remedial measure for 
duodenal ulcer, there has developed great confusion in the profession at large 
as to what constitutes the best advice to a patient suffering from duodenal ulcer 
of the type requiring surgical treatment. Many practitioners have stated to us 
that, instead of simplifying the problem, the introduction of vagotomy as a 
method of therapy has had the effect of confusing the entire problem of the 
treatment of this disease. It is not uncommon today to have patients ask 
questions of this sort: ‘‘Am I a eandidate for this new operation of nerve 
cutting? 2. What are the relative merits of gastrectomy and vagotomy from 





the standpoint of immediate mortality and long-term symptomatic relief? 


about the permanent cure of ulcer? and finally, 4+. Doctor, do you advise me to 


have this new operation of vagotomy instead of gastric resection?” 


took the analysis of 187 cases of duodenal ulcer, all patients subjected to a 
partial gastrectomy, in the private practice of the senior author. We should 
state that approximately 60 per cent of these constituted semiprivate material, 
which, since the introduction of the various Blue Cross Plans of Group Hospital 
service, approximates closely the type of patient seen on the wards. We. he- 
lieve that the patients in this series constitute an excellent cross section of the 
general population of a large active urban hospital, and therefore, do not repre- 
sent, as one might suppose, a small select group of people. The period of 
observation of these patients was thirteen years, 1934 to 1947, and all follow-up 
observations were on a personal examination basis by one or the other or both 
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THE SURGICAL THERAPY OF DUODENAL ULCER 
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(From the Surgical Service of the Mount Sinai Hospital) 


URING the past thirty vears, the surgical therapy of duodenal uleer has 
undergone many radical changes. Up to 1920, the surgical method of choice 


was gastroenterostomy. At that time, Haberer first suggested the procedure of 
partial gastrectomy with removal of the ulcer-hbearing portion of the duodenum 


Since Dragstedt’s physiologic studies on the effects of vagotomy and _ his 


Has this new operation been done long enough to warrant definite opinions 


In an attempt to clarify for ourselves some of the issues involved, we under- 
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of us. Many have had at least one late postoperative gastrie analysis to deter- 
mine the presence or absence of free HCI. 

There is no need to enlarge at great length on the indications for surgery 
in the therapy of duodenal ulcer. We believe, as do most others, that ulcer is 
primarily a medical disease and that surgery becomes necessary in the presence 
of (1) intractability to thorough adequate medical treatment, (2) repeated 
hemorrhages, (3) perforation into the peritoneal cavity or penetration with the 
production of an exodauodenal pocket, and (4) obstruction due to searring or 
inflammation. We are firmly convineed from our experience that the operation 
of gastroenterostomy alone has no place in the therapy of this disease with one 
exception and that is a benign obstruction accompanied by a low aeidity in an 
elderly patient where the risk of a gastrie resection would be somewhat increased. 
Curiously enough we have not had a single such instance in this series. 

Our concept of the rational surgical therapy of duodenal ulcer has been and 
still is, in spite of the recent emphasis on vagotomy, based on the well-known 
physiologie studies of gastrie digestion in normal and ulcer patients. In the 
order of importance, there are three factors which influence the progress of 
duodenal uleer: (1) hyperacidity, (2) hyperseeretion, and (3) hypermotility. 
Irom experimental observations, it is well known that there are two major 
factors in the production of gastric acidity and secretion: (1) the hormonal, 
the elaboration of a hormonal substanee, in the mucosal glands loeated in the 
pylori¢é antrum and pylorie ring which is absorbed and stimulates the acid- 
forming cells in the fundus and upper part of the stomach to seerete hydrochloric 
acid, and (2) the cephalic, a psyehie or neurogenic stimulus propagated from 
the midbrain through both vagus nerves for direct action on the gastrie secreting 
cells and the musculature of the organ. 

In our opinion, the operation of partial gastrectomy, properly performed, 
will produce an absence of free HCl in a high percentage of the patients and 
will not be accompanied by the undesirable motor difficulties which frequently 
follow the operation of vagotomy. It is important to emphasize what we mean 
by a properly performed gastrectomy. It is unimportant how high the stomach 
is transected provided the line of division is above the re-entrant angle, thus 
making for removal of approximately two-thirds of the organ. What is most 
important, and we believe this to be the erux of the entire operation, is that the 
surgeon must be sure that he has removed the entire pylorie antrum and pyloric 
ring. In the vast majority of instances this means that the uleer-bearing por- 
tion of the duodenum must be removed. The demonstration of the entire pylorus 
and uleer in the removed specimen indicates that a complete operation has been 
performed. One of us (J. H. G.) has emphasized for many years that, more 
often than not, it is impossible to delineate the pylorus in vivo as a separate 
structure because of searring and/or periduodenal and peripylori¢ inflammation 
vith marked distortion of the local anatomy resulting therefrom. If, there- 
fore, one is to make sure that he has removed the entire pyloric ring, he must, 
in the vast majority of cases, remove the ulcer-bearing part of the duodenum. 
This insistence on removing the ulcer area often makes for increased technical 
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difficulty, but we are firm in the opinion that, with careful meticulous dissection, 
the thorough operation can he consummated in almost 100 per cent of the cases 
with a commendably low mortality. In our series, there was only one instance 
where it was felt that insurmountable technical difficulties precluded the execu- 
tion of the complete operation. An exclusion operation of the Finsterer type was 
done. The patient developed a gastrojejunocolie fistula six years later. A sub- 
sequent three-stage Pfeiffer operation which included pylorectomy resulted in 
complete relief with the production of an anacidity. This patient was operated 
upon some year's ago. We are of the opinion that if the operation were done 
today, a thorough resection would be effected. If the surgeon is positive that 
he can remove the pyloric ring and if the ulcer is located at the bend of the 
first portion of the duodenum or in the second portion, then there is no harm in 
leaving the uleer behind, provided that a good closure of the duodenal stump 
‘an be effected. We do not go so far as to insist that second portion ulcers must 
be excised with the attendant technical maneuvers directed to the common duet 
which is frequently inextricably involved in such cases. We believe the opera- 
tion, under such circumstances, is made unnecessarily complicated. Gastrectomy 
with excision of the pylorus will result in spontaneous healing of the exeluded 
uleer. There were three instances in this series of second portion ulcer treated in 
this way. 

One cannot overemphasize the importance of a general agreement among 
surgeons as to what constitutes a properly performed gastrectomy. The recent 
literature is replete with instances of misinformation resulting from the lumping 
together of cases in which the patients have had the radical operation and 
others who have been accorded the incomplete Finsterer exclusion procedure. 
In the latter group, many observers state that the antral mucosa has been excised, 
thereby assuming that the radical operation has been consummated. Anyone who 
has had any considerable experience with the operative treatment of this dis- 
ease knows that, in the complicated cases with penetration and extensive peri- 
duodenal and peripylorie inflammation and distortion, it is impossible to be sure 
that this coring out process thoroughly removes the mucosa from the pyloric 
ring. To us, this has been a serious defect in this procedure and we have there- 
fore never employed it. To be sure of complete removal of the pyloric antrum 
and ring frequently requires a painstaking and meticulous, often difficult, dis- 
section. This part of the operation, we wish to emphasize, is the essential feature 
of a thorough gastrectomy. 

It is unnecessary at this time to describe in detail the various steps of the 
operation as we perform it. Every surgeon, as his experience increases, develops 
for himself a set technique with the purpose of (1) simplifing the various steps 
of the operation, (2) minimizing postoperative complications, (3) decreasing 
operative mortality, and (4) increasing the percentage of permanent sympto- 
matie relief. In most instances we perform a gastrectomy of the Hofmeister 
type with a retrocolic gastrojejunal anastomosis. If the gastrie stoma, after 
transection, is small, a Polya anastomosis is carried out. We are careful, when 


confronted with a dilated stomach, the result of pyloric obstruction, to take into 
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account the subsequent contraction of the stomach when fashioning the size of 
the stoma. For the duodenal stump we use as a first layer a continuous Connell 
suture of fine silk which is reinforced with one or two additional layers of 
interrupted stitches of the same material. We believe that sinee the advent of 
fine nonabsorbable suture material in this situation, there has been a marked 
reduction in the incidence of postoperative duodenal leakage. For the gastro- 
jejunal anastomosis, we use fine chromicized catgut in two lavers. Whenever 
there has been extensive retroperitoneal dissection in the region of the duodenum 
or pancreas, we always insert one cigarette drain to the subhepatie region. This 
is removed on the seventh or eighth day. We are firmly convinced that the use 
of a drain where extensive denudation has resulted has materially decreased our 
incidence of postoperative abdominal complications. There can be no question 
of the faet that some localized panereatie necrosis follows extensive dissections 
made necessary by posterior penetrating ulcers. When catgut is used for the 
duodenal closure, the liberation of pancreatic enzymes causes rapid digestion of 
the catgut resulting in a high incidence of duodenal stump breakdowns. Fine 
nonabsorbable suture material is excellent insurance against this complication. 
Drainage of the subhepatie area is an added safeguard. 

We prefer posterior gastrojejunal anastomoses because it is our feeling 
that fewer postoperative mechanical difficulties result. The posterior anastomosis 
appears to us to be a more physiologic one from the standpoint of more efficient 
emptying of the stomach and the avoidance of a long proximal jejunal loop. The 
care of the duodenal stump is of prime importance in this operation. It is our 
helief that close attention to a few of the basie principles of surgery will result 
in fewer duodenal stump breakdowns. By this is meant (1) avoidance of tight 
sutures, (2) reduction of the number of sutures to a minimum, (3) avoidance 
of large bites in the duodenal wall, and (4) complete hemostasis. Not infre- 
quently when a posterior wall ulcer has perforated into the pancreatic head, 
the surgeon is confronted with a paucity of duodenal wall tissue posteriorly. 
Further dissection distally might result in injury to the retroduodenal portion 
of the common duet or the papilla of Vater region. Under such circumstances, 
we have, for many years, utilized the pancreatie bed of the ulcer as the posterior 
part of the suture line, approximating the anterior duodenal wall to it and 
then reinforeing this initial layer with additional sutures bringing the duodenum 
to pancreatic capsule. This has proved to be a valuable maneuver in thirty-two 
CaSeS, 

We have personally had little experience with the operation of vagotomy as 
a definitive procedure for duodenal uleer. It has been our good fortune to 
follow the work of Colp and his associates on the gastric service of this hospital. 
They have given and are giving the operation in its original sense and subse- 
quent modifications a complete and thorough trial. Thetr findings have been of 
considerable interest and appear in their published papers. It is our distinet 
feeling from our observations that the results of vagotomy, with or without 
vastroenterostomy and with a negative insulin test meal indicating complete 
vagal section, do not justify the abandonment of the operation of gastric resee- 
tion, We believe that as time goes on and these patients are followed over a 
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sufficiently long period of time, there will be noted a rising incidence of either 
recurrence of the duodenal ulcer or gastrojejunal uleer where gastroenterostomy 
has been added at the time of vagotomy. We believe this to be so because the 
operation of vagotomy alone does not eliminate the hormonal factor of gastric 
secretion, and as time progresses the later may become the dominant cause of the 
reappearance of hyperacidity and reactivation of the original ulcer. It appears 
more logical to utilize both procedures, namely, gastrectomy and vagotomy under 
certain circumstances, as in cases of marked hyperacidity or those with re- 
peated hemorrhages. As experience increases, the simultaneous combination of 
both operations may prove to be the ideal one. For the present (sinee October, 
1947) we are employing infradiaphragmatic vagotomy as an adjuvant procedure 
to gastrectomy in all patients where the preoperative acidity has been unduly 
high and in all cases where hemorrhage has been the dominant preoperative 
symptom. It is our feeling at this time that if gastrectomy, properly performed, 
can be carried out with a reasonably low mortality, a negligible postoperative 
morbidity, and an excellent rate of long-term eures (with especial reference to 
the late development of gastrojejunal ulcer), then it should be considered the 
primary operation of choice, and that vagotomy should be employed as an 
adjuvant procedure only. However, we would like to emphasize the fact that, 
in our limited experience with gastrojejunal uleer following adequate gastrec- 
tomy, complete vagotomy alone seems to be a specific curative remedy. This has 
been the experience of most workers in this field of surgery. 

The analysis of the cases in this series has amply confirmed the views ex- 


pressed in the foregoing paragraphs. 





ANALYSIS OF CASES 
The total series consisted of 187 patients. There were 154 males and 33 
females, a ratio of almost 5 to 1. An analysis of the age grouping reveals the 
interesting fact that the majority were in the fifth and sixth decades (Table 1). 
It is again an interesting fact that the majority of the patients in this series 


had uleer sympoms for five to twenty vears (Table IT). Our case analysis 
TABLE I. AGE INCIDENCE OF PATIENTS IN THIS SERIES 
YEARS ; NUMBER OF PATIENTS 

ena : “20 to 30 cine a 
31 to 40 48 
41 to 50 70 
51 to 60 45 
61 to 70 7 
Over 70 ] 

TABLE II. DURATION OF SYMPTOMS BEFORE OPERATION 

YEARS NUMBER OF CASES 

Ll to 5 10) 
5 to 10 $4 
10 to 15 52 
15 to 20 3 
20 to 25 14 
Over 25 6 
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indicated that the vast majority of these patients had had many medical ‘‘cures’’ 
and that surgical relief was sought when intractability to conservative treatment 
supervened, In 125 cases, the main presenting symptom was ulcer pain. The 
indieation for surgery in the remaining 64 patients was the history of repeated 
hemorrhages. Of these, 26 never experienced pain and 38 had the usual uleer 


pain between bleeding episodes (Table IIT). 


TABLE III]. PREDOMINANT SYMPTOMS At TIME OF FIRST EXAMINATION 
SYMPTOMS NUMBER 
Pain 123 
Repeated hemorrhages without pain 26 
Repeated hemorrhages with pain 3S 


We have included in these statisties all secondary eases in whieh the pa- 
tients were operated upon elsewhere for duodenal uleer or its sequelae. 

In 16 instances, there had been a previous free perforation with simple 
suture of the ruptured ulcer. Significant obstruction at or near the site of the 
ulcer was noted in 23 patients. Marked penetration into the pancreas or gastro- 
hepatie ligament with pronounced anatomie distortion was disclosed in 35 cases. 
Multiple or kissing ulcers were demonstrated 12 times in this series. We have 
included in this group of 187 patients 11 instances of gastrojejunal uleer and 
3 of gastrojejunocoli¢ fistula, on the basis of a gastroenterostomy previously 
performed elsewhere (Table LV). In the first, operation consisted of gastrectomy 
after disconnection of the old gastroenteric anastomosis, resection of the in- 
volved jejunum with end-to-end anastomosis, and a retrocolie gastrojejunostomy. 
In the second group, a three-stage Pfeiffer operation was carried out. There was 


no mortality in this group of 14 patients (Table TV). 


TABLE IV. OTHER PERTINENT DATA 


DATA NUMBER OF PATIENTS 
Previous free perforation 16 
Significant obstruction 23 
Penetration into pancreas or liver 30 
Gastrojejunal ulcer on basis of previous 

gastroenterostomy 1] 
Gastrojejunocolic fistula on basis of previous 

gastroenterostomy 5 
Gastrojejunocolic fistula following incomplete 

gastrectomy in our series l 
Previous pyloroplasty zs 


With very few exceptions, the anesthesia of choice in this series has been 
vas-oxygen-ether with frequent tracheal intubation. With an expertly admin- 
istered general anesthesia, often helped by curare, we believe that thorough 
relaxation can be obtained. We are of the opinion that there is far less risk 
from all standpoints with general than with spinal anesthesia. The incidence 
of disturbing pulmonary complications in this series had been remarkably low. 

The postoperative abdominal complications are listed in Table V. There 
were 4 instances of duodenal leak, and, in 1, it caused the death of the patient. 
In 2 


—. 


the leak was temporary and spontaneous closure occurred. In the fourth 
patient, it was necessary after six months to explore the stump of the duodenum 
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TABLE V. POSTOPERATIVE ABDOMINAL COMPLICATIONS 
COMPLICATION NUMBER DURATION INFLUENCE RECOVERY 
Severe gastric atony 5 10 days No 
2 wks. No 
3 wks. No 
Duodenal leak 4 11 days No 
5 days No 
40 days Death 
6 months* Secondary closure necessary 
*This patient had had a previous pyloroplasty. The resection was extremely difficult. 


The cause for the persistent leakage of bile was attributed to the silk sutures which were 
used for the duodenal closure at the time of gastrectomy. They were demonstrated when the 
secondary closure was carried out six months later. For us this case is a unique experience. 


for a persistent small leak. Persistence was found to be caused by a silk suture. 
Severe postoperative gastric atony occurred 3 times and required prolonged 
gastric drainage by Levine tube. Spontaneous adjustment occurred and there 
has been no subsequent difficulty. 

There were 4 deaths in this series of 187 patients, an operative mortality of 
2.1 per cent. The causes of death are indicated in Table VII. It is interesting 
to note that in the last 116 cases of the series, there was no mortality. 


TABLE VI. OPERATIVE MORTALITY 


Total number of patients 1ST 
Number of deaths } 
Operative mortality 2.1% 


TABLE VII. CAUSES OF DEATH 


CAUSE NUMBER AUTOPSY 
Pulmonary embolus ] Yes 
Pylephlebitis with multiple liver abscess | Yes 
Death on operating table (anesthesia death?) l No 
Duodenal leak occurring 17 days postoperative and 

resulting in death of patient 40 days later | No 


FOLLOW-UP 


The patients in this series have been followed carefully. With few excep- 
tions, each patient has returned for check-up observation every six months. 
Inasmuch as the patients in this group were operated upon during the years 
between 1934 and 1947, the period of observation varies from over thirteen 
years to six months. We plan to follow the same people as long as possible and 
it is hoped that, at a later date, we will be able to report the ten-year and later 
follow-up in each instance. This would be of inestimable value in appraising the 
long-term efficacy of gastrectomy in the treatment of duodenal ulcer. So far 
in this carefuly studied group there have been only 4 instances of recurrent 
ulceration. In 3, a completely adequate gastrectomy was performed and there 
developed a gastrojejunal ulcer. Each patient was treated during 1948 by 
vagotomy alone with spontaneous healing of the ulcer. 


The fourth patient, already referred to in the early part of the paper, had 


a prepylorie Finsterer exclusion operation performed in 1940. He returned in 
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TABLE VIII. DuRATION OF FOLLOW-UP OBSERVATION 


YEARS NUMBER O} PATIENTS 
|] 1 / 
2 27 
3 LO 
{ 24 
5 2() 
6 7 
7 S 
8 10 
g 0 
10 9 
1] l 
12 I 
Over 12 o 


December, 1947, with a gastrojejunocolie fistula which was repaired by a three- 
stage Pfeiffer operation in April, 1947. He has been well since. If this ease 
is exeluded because it was definitely an incomplete gastrectomy originally, 
there is an ineidence of 3 gastrojejunal ulcers in 168 patients, with primary 
duodenal uleer an incidence of 1.7 per cent. We are, of course, not ineluding 
i 


this particular tabulation the 12 instances of gastrojejunal ulcer and gastro- 
jejunocolic fistula, secondary to gastroenterostomy done elsewhere. 

In appraising the patients’? complaints at the time of follow-up examinations 
we have tried to err on the side of magnifying these complaints rather than to 
minimize them. It has become quite evident that the vast majority of the people 
in this series have been restored to robust health with normal gastric function 
after years of digestive invalidism. In our experience this is one of the most 
satisfying aspects of gastrointestinal surgery. An attempt has been made in 
Table IX to list the follow-up complaints of some of these patients. In only 
3 instances have we encountered the set of symptoms usually deseribed as 
the ‘‘dumpine’’ svndrome. Whether these symptoms are caused by a transitory 
morning hypoglycemia or an actual rapid emptying of the stomach is still a 
moot question. Our observations would cause us to lean toward the first hy- 
pothesis rather than the second. Curiously enough, after varying periods of 
time, these symptoms abated completely. And so it has been with most of the 
complaints listed in Table IX. Those patients who are listed as not having 


TABLE IX. FOLLOW-UP STUDIES 
SYMPTOMS NUMBER OF PATIENTS 
Symptoms suggesting ‘*dumping’’ syndrome o, negative x-ray 
Post-cibal nausea !, negative x-ray 
Post-cibal fullness $, one had negative x-ray 
Inability to gain weiglit oO 
Belching and pyrosis 5, negative x-ray 
Kpigastrie distress t, negative x-ray 
Persistent epigastric distress and indigestion 1, repeated negative x-ray 
(psychoneurosis? ) 

Anorexia ” 
Persistent attacks of diarrhea 2 negative X-ray 
Scar pain “ 
Intolerance to sweets 12 


Intolerance to milk 9 
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vained weight have persisted in their inability to do so. One patient has per- 
sistent epigastric discomfort and indigestion. Repeated gastrointestinal x-ray 
examinations have been regularly negative. There is alleged to be a strong 
psyvchoneurotic element in this patient. 

We have tried to have every patient submit to a follow-up test meal ex- 
amination. Approximately 50 per cent have refused because of their continued 
200d health and absence of any abnormal gastrointestinal symptoms. We have 
not been too insistent about the necessity for this examination because the con- 
tinued well-being of the patient is a better barometer of the physiology of his 
stomach than the results of a test meal might indicate. With very few excep- 
tions, all those patients who have had test meals have shown absent or greatly 
diminished free HCl. Eighteen patients listed in Table IX have had one or 
more roentgenographie examinations with negative findings. We have not seen, 
in this series, a single instance of severe anemia or secondary carcinoma in the 
vastrie stump. 


CONCLUSIONS 


On the basis of the findings resulting from a careful analysis of 187 patients 
with duodenal ulcer treated by adequate gastrice resection, we have come to the 
following conclusions: 

1. The operation can be carried out with a low operative mortality, 2.1 per 
cent in this series. There was no mortality among the last 116 cases. 

2. The incidence of postoperative duodenal stump leakage ean, by the 
applieation of basie surgical principles, be reduced to a neglible figure. 

3. The posterior gastrojejunal anastomosis gives far fewer postoperative 
mechanical difficulties. 

4. The desired effect following gastrectomy is a persistently maintained 
absence or marked diminution of free HCI. 

5. The follow-up studies in this series indicate a neghgible incidence of 
vastrojejunal uleer. 

6. There is insufficient evidence at this time to warrant the statement that 
the operation of vagotomy can or should supplant a properly performed gastric 
resection for duodenal ulcer. 

7. There is some evidence to indicate that vagotomy should be utilized as 
an adjuvant procedure to gastric resection in those cases of duodenal uleer 
associated with an abnormal acidity or repeated bleeding episodes. 

8. Vagotomy seems to be the operation of choice for the rare instance of 
vastrojejunal uleer following a properly performed gastrectomy for duodenal 
uleer, 

Note.—We wish to emphasize clearly that this paper deals solely with duodenal ulcer. 
The problem of gastric ulcer is altogether a different one, certainly a simpler one and not 
concerned with the physiological disturbances accompanying duodenal ulcer, Therefore the 
lumping together of duodenal and gastric uleer patients when reporting statistics is to be 
deprecated. 

ADDENDUM 
Since this paper was submitted for publication, three patients have died, two of coronary 


occlusion and one of pneumonia. The deaths were three, five, and seven vears, respectively, 


after gastrectomy. 














A COMPARATIVE STUDY OF VARIOUS SUBSTANCES FOR THE 
PREVENTION OF ADHESIONS ABOUT TENDONS 
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AND Patrick C, SHEA, M.D., CLEVELAND, OHIO 


(From the Department of Surgery, Western Reserve University and the University Hospitals) 


HE adherence of tendons at the site of trauma or infection has been and 

continues to be a difficult problem for the surgeon to overcome. If the 
scarring in the region of adherence is severe, replacement of the cicatrix by 
normal soft tissues through which the tendons can move is necessary. This is 
accomplished either by moving adjacent normal tissue into the area or by means 
of a pedicle flap. In less severe cases, tendolysis and early motion is of proved 
value when the tendons are not divided. 

A material whieh will prevent recurrence of adhesions when placed next 
to tendon is highly desirable. -Bunnell' recommended the use of thin layers of 
autogenous fascia or the veil-like material dissected from the outer surface of 
the fascia lata placed on one side only of the tendon, Cellophane has been em- 
ploved by Farmer? and Wheeldon® and tantalum foil by Pearlman,* with vary- 
ing degrees of success. 

This study was carried out to test and compare the value of a number of 
materials in preventing adhesions when placed immediately about injured 
tendon in the dog. Special interest centered on some of the more recently de- 
veloped absorbable substances which are now available. 

The following materials were studied: (1) autogenous fascia from the 
outer surface of the fascia lata, (2) human fibrin film,* (3) bovine fibrin film,t 
(4) Gelfoam,t (5) cellophane.§ (300-PUT-71) (6) Oxyeel cotton. 


METHOD 


Dogs were used in all experiments. Under intravenous nembutal anesthesia 
and aseptic conditions the flexor carpi ulnaris tendon of each leg was exposed 
through a curved lateral incision just above the paw. <An Allis forceps was 
drawn over each tendon eight times to traumatize its surface following which 
steel wire markers were placed one inch apart under the tendon through ad- 
Jacent tissues. The experimental material was wrapped about one tendon for 
one and one-half inches and the steel wire markers tied loosely about tendon 
and material. The material projected one-fourth inch beyond each wire marker. 
On the other leg in each animal the steel wire markers were tied loosely about 


teceived for publication, July 2, 1948. 

*Obtained from Cutter Laboratories, Berkeley, Calii. 

+Supplied by The Armour Laboratories, Chicago, III. 

tSupplied by The Upjohn Company, Kalamazoo, Mich. 

§Supplied by EK. I. DuPont de Nemours and Company, Wilmington, Del. 
Supplied by Parke, Davis & Company, Detroit, Mich. 
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tendon only. Following this the wounds of each lee were closed by means of 
wire sutures to the skin. The materials were wrapped completely about the 
experimental tendons in all but one experiment. In this instance human fibrin 
film was placed around one tendon and under the other in each animal. 

Three to four weeks later the dogs were re-operated upon. The steei wire 
markers were identified through short incisions proximal and distal to the one- 
inch areas. The segment of tendon between the wire markers was not disturbed. 
The portions of tendon lying outside the wire markers were freed by sharp 
dissection and divided. Hemostats were then applied to the proximal end of 
each tendon segment and the wire markers removed. The force required to pull 
the tendon segments free from their beds was then determined by means of a 
weight and pulley system. 

In the experiments usine autogenous fascia this material was obtained 
through a vertical incision on the thigh of each animal. The thin slippery laver 
of fascia immediately overlying the fascia lata was used. This was kept moist 
in a saline sponge until placed about the flexor carpi ulnaris tendon a few 
minutes later. The smooth slippery surface was always placed next to the 
tendon. 

In the earlier studies, the front legs of the animals were immobilized in 
plaster casts for a maximum of three weeks after the first operation. In later 
experiments the wounds were covered with dry gauze dressings only. In all 
instances the two front legs of the animal were treated in identical manner after 


operation. 


AUTOGENOUS FASCIA FROM THE OUTER SURFACE OF THE FASCIA LATA 


Kleven animals were prepared with autogenous fascia by the method Just 
described. The tendon segments were pulled free from their beds twenty-nine 
days later. In each animal the experimental tendon pulled free more easily 
than did the control tendon. Two of the control tendons in large animals were 
so firmly adherent that the hemostats pulled off before the tendons pulled free. 
All of the experimental tendons pulled free, The average force required to pull 
free the control tendon segments was 4,422 Gm. The eleven tendons in the same 
animals which were wrapped with autogenous fascia pulled free with an average 
foree of 2,688 Gm. or 60 per cent of the force required for the controls. The 
probability of a difference as great as this occurring by chance alone is less than 
one in one hundred times, which is considered significant from a_ statistical 
standpoint. This verifies the clinical impression that thin layers of fibroareolar 
tissue are of value in the prevention of adhesions about tendons. Fig. 1 shows 
the microscopic appearance of tendon and adjacent tissue in cross section at 
nineteen days. The fascia is probably represented by the wavy fibrous layer 
just away from the surface of the tendon. There is connective tissue between 
tendon and fascia and between fascia and surrounding tissue. There is no line 


of demareation between tendon and surrounding tissues. 


HUMAN FIBRIN FILM 


In this experiment, two series of dogs were prepared. The first series con- 


sisted of twelve animals with human fibrin film completely around one flexor 




















WECKESSER ET AL.: PREVENTION OF ADHESIONS ABOUT TENDONS 56: 


carpi ulnaris tendon and nothing around the other. The tendon segments were 
pulled free twenty-eight days later. In three of the animals, the tendon was 
found to be soft and friable, and did not have enough substance to be pulled 
free. It appeared that the film completely about the tendons in these three 
animals interfered with the nourishment of the tendon to sueh an extent that 


this change occurred. In the other nine animals of this series the experimental 





Rig. 2. \utogenous fascia, nineteen days. Cross section of tendon and adjacent tissues. 
The fascia is probably represented by the wavy area of fibrous tissues just away from the sur- 
face of the tendon, There is no cleavage plane between tendon and adjacent tissues (X86). 


tendons were well preserved and pulled free with an average force of 867 Gm. 
The average foree necessary to pull free the control tendon segments was 4,195 
(7m., or, in other words, only 2] per cent of the control force was required to pull 
free the tendon segments which were surrounded by human fibrin film. Some 
of the experimental tendons were so free from adhesions that a foree as little 
as 200 Gm. was sufficient to dislodge the segment. On the other hand, four of 
the control tendons were too firmly adherent to be pulled free. A thin layer 
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of the fibrin film was still identifiable about the tendons at the end of four weeks. 
This material was lying free in the tissues. Fig. 2 shows the microscopic picture 
of the tendon at the time it was pulled free on the twenty-eighth day. The layer 
of fibrin film is not shown, though it was still present at this time. <A rather 
thick zone of young connective tissue is seen next to the tendon. There is a 
palisading of fibroblasts on the surface resembling epitheloid cells which forms 
a smooth glossy surface. The fibrin film separated the tendon from adjacent 


tissues. 





Fig. 2.—Human fibrin film, twenty-eight days. Cross section of edge of tendon which has 
been surrounded by human fibrin film. Note the smooth surface layer of cells at the upper 
margin of the section. The film, though not shown, was still present adjacent to this surface 
layer of cells. The film separated the tendon from adjacent tissue (86). 

In the second series of twelve animals, human fibrin film was placed com- 
pletely around one flexor carpi ulnaris tendon and merely under the other. 
These tendon segments were pulled free three weeks later. Two of the twelve 
tendons in this second series with the film wrapped about them disintegrated, 
as did three in the first series deseribed. Combining the tendons in both series, 
five out of twenty-four disintegrated when human fibrin film was wrapped 
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about them for a distance of one and one-half inches. No such disintegration 
was observed in the twelve tendons with human fibrin film on one side only, 
which pulled free with an average force of 2,404 Gm. as compared to 684 Gm. 
when the material was placed completely around the tendon. It is seen by this 
that placing film completely around the tendons is more efficient in preventing 
adhesions, but that it may interfere seriously with the nourishment of the struet- 


ure. 


Bovine fibrin film, twenty-eight days. Cross section of tendon and adjacent tissues 
showing the film still in place (x86). 


It is of interest to compare the control group of the first series (nothing 


about the tendons) to the group of the second series which had film placed only 
on one side. The average force for the former was 4,195 compared to 2,404 Gm. 
tor the latter group. No accurate conclusion ean be drawn from this comparison 
It is our opinion, 


because of the difference of one week in the time interval. 
however, that the figures would not be greatly different if the time intervals 


were identical. 
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BOVINE FIBRIN FILM 


Five animals were prepared with bovine fibrin film around one tendon and 
nothing on the opposite side. The tendon segments were pulled free four weeks 
later. The average control figure was 3,940 Gm. and the average experimental 
figure was 805 Gm., 21 per cent of the control. In this small series, bovine fibrin 
film appeared to be just as effective as human fibrin film. There is still some 
question as to whether this material might be antigenie when used in man and its 
clinical use should not be made until this is settled. Histologic reaction to this 
material is shown in Fig. 8. In other areas the zone of connective tissue reaction 
was wider than shcwn in this photomicrograph. It is our impression that the 
reaction about the human and bovine fibrin films was about equal in our animals. 


GELFOAM 
Kive animals were used in this group with Gelfoam. After a four-week 
interval, the average force necessary to pull free the control segments was 3,470 





E «& 
= 
« Veh 
+ he fe 
Fig. 4.—Gelfoam, twenty-eight days. Cross section of edge of tendon with Gelfoam still 
present on its surface Note that fibrous tissue has grown into the interstices of the material 


(150). 
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Gm., and the average force for the experimental tendon segments was 2,160 Gm., 
or 62 per cent of the average control figure. 
The probability of these results occurring by chance alone is three times 
in one hundred which is still considered significant from a statistical standpoint. 
ig. 4 shows the reaction of the tissues to this material to be relatively 
small. It is seen that the fibrous connective tissue had grown into the interstices 
of the material. There is no free cleavage plane as with the film materials. 


OXYCEL COTTON 
In six animals Oxyeel cotton was placed completely around one tendon and 
nothing about the other. The tendons were pulled free twenty-seven days later. 
In two of the animals the experimental tendons were soft and friable due to 
interference with nourishment. The average foree for the controls was 4,458 
(im., compared to 3,913 Gm. for the experimental tendons. This is 88 per cent 
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Fig. 5.—Cellophane, twenty-six days. Cross section of edge of tendon surrounded by cello- 
phane which is seen at the upper edge of the section. Note the palisading of the surface layer 
of cells next to the material (86). 
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of the control force and, in our opinion, indicates that the material has little or 
no value in preventing adhesions about injured tendons. The difference is not 
statistically significant as judged by the t test: t = 1.01 P = .85. 

CELLOPHANE 300-PUT-71 


A single thickness of cellophane 300-PUT-71 was placed completely around 
one flexor carpi ulnaris tendon and nothing about the other tendon in six ani- 
mals. The tendon segments were pulled free twenty-seven days later, The 
average foree for the controls was 4,041 Gm., and for the experimental tendons 
950 Gm., 24 per cent of the control figure. One tendon of the six disintegrated 
due to lack of nourishment with the material completely surrounding it. The 
difference between controls and experimental forces is statistically significant 
as shown by the t test. t = 10.28 P= < .O1. 

Fig. 5 shows the reaction to this material. The film is seen apparently un- 
changed twenty-six days after being placed about the tendon. A rather thick 
zone of connective tissue is seen next to the tendon on the surface of which there 
is palisading of fibroblasts forming a smooth surface. This appearance is com- 
parable to that recently reported by Wilson® and to that seen with human fibrin 
film (Fig. 2). 

DISCUSSION 

The film materials were most effective in preventing adherence of the ten- 
dons. Human fibrin film, bovine fibrin film, and cellophane were about equally 
effective, all three being more effective than thin layers of autogenous fascia. 
However, the reaction of the tissues about the blood fraction films and the cello- 
phane was greater than that about the autogenous fascia. The smooth surface 
laver of cells next to human fibrin film and cellophane is interesting. This sur- 
face layer of cells resembling synovia was not seen on the surface of the tendons 
wrapped with fascia. 

Gelfoam, though it had small reaction in the tissues, was not so effective as 
human or bovine fibrin film or cellophane, due probably to the fact that the 
tissues grew into the interstices of the material. 

The fact that five out of twenty-four tendons completely surrounded by 
liuman fibrin film and one of six tendons surrounded by cellophane showed dis- 
integration indicates that these materials at times seriously interfere with the 
nourishment of the tendon when thus applied. It would seem wise not to apply 
these materials completely about tendons but rather to use them on one side 
only as recommended by Bunnell for autogenous fascia. The results with a 
perforated film have not been investigated. It is of interest that none of the 
tendons wrapped with thin layers of autogenous fascia over a one and one-half 
inch distance showed disintegration. Possibly this might have occurred if a 
greater length of tendon had been covered. Until the antigenic properties of 
bovine fibrin film are completely worked out it would seem that clinical use of 
this material should be withheld. 

SUMMARY 


Six materials were tested for their effectiveness in preventing adhesions 


when placed next to injured tendon in the dog. The results are summarized in 


Table I. 
































WECKESSER ET AL.: PREVENTION OF ADHESIONS ABOUT TENDONS 369 


TABLE I] 


AVERAGE GRAMS PER 


MATERIAL NUMBER OF DOGS EXPERIMENTAL CONTROL CENT 
Human fibrin film 12 867 4195 2] 
Bovine fibrin. film 5 805 3940 21 
Cellophane 6 950 4041 24 
Autogenous fascia 1] 2638 4422 60 
Gelfoam 5 2160 3470 62 
Oxyeel cotton 6 3912 4458 8S 


The average force required to pull free the experimental and control segments of tendons 
is given in columns three and four. The last column gives the per cent of the control force 
required to free the experimental segments for each material. 


Human fibrin film and bovine fibrin film were still present, usually thinned 
out, and cellophane apparently was unchanged at the end of four weeks. In 
some instances bovine fibrin film was apparently unchanged in thickness at the 
end of four weeks. 

Mibrin film of bovine or human origin as well as cellophane each produced 
a zone of vascular connective tissue about the tendon in the dog. Many in- 
stances were seen where a surface laver of cells resembling synovia had formed 
on the surface of this zone of reaction. 

In five of twenty-four tendons wrapped with human fibrin film over a one 
and one-half ineh distance and in one of the six wrapped with cellophane, dis- 
integration of the tendons occurred apparently due to interference with nutri- 
tion of the tendon. Such changes were not seen in the controls or when human 
fibrin film was placed on one side only of the tendon in twelve animals. 

CONCLUSIONS 

1. Human fibrin film, bovine fibrin film, and cellophane were most effective 
of the materials tested in preventing adhesions about injured tendons in the dog. 

2. Autogenous fascia was of definite value but less than those just listed. 

3. Film materials may seriously interfere with the nourishment of tendons 
if wrapped about them. 

Appreciation is expressed to Dr. Carl H. Lenhart for his helpful interest in this work 
and to Dr. Herbert Z Lund and the staff of the Institute of Pathology for aid with micro- 
scopic preparations and photomicrographs. 

REFERENCES 


1. Bunnell, Sterling: Surgery of the Hand, ed. 4, Philadelphia, 1944, J. B. Lippincott 
Company, p. 284. 


2. Farmer, A. W.: Experiences in the Use of Cellophane as an Aid in Tendon Surgery, 
Plastic & Reconstr. Surg, 2: 3, 207-213, 1947. 
3’. Wheeldon, Thomas: The Use of Cellophane as a Permanent Tendon Sheath, J. Bone 


& Joint Surg. 21: 393-396, 1939. 

!, Pearlman, Reuben C.: Use of Tantalum Foil in Tendon Reconstruction, U. S. Nav. M. 
Sull, 46: 1647-1650, 1946. 

>. Wilson, Charles Laird: The Formation of New Bursae with Cellophane, J. Bone & 


Joint Surg. 30: 195-200, 1948. 














RUPTURES OF MUSCLES AND TENDONS 


With ParricuLaR REFERENCE TO RUPTURE (OR ELONGATION OF LONG TENDON) 
or Biceps Bracnu With Report or Frirry Cases 






L. Exuiorr, M.D. 






Ricury L. Waucu, M.D., THomas A, Harucock, M.D., ANpb JJ. 
Boston, Mass. 







(From the Surgical Services, U. 8. Marine Hospitals, San Francisco, New Orleans, and 


Boston, and the Department of Surgery, Tufts College Medical School, Boston) 





|* A previous communication one of us (R. L. W.) discussed rupture of the 
biceps braehii based on a study of 14 patients personally observed and treated 





over a period of eight years. 





Since that time, during a period of a little over six years, we have encoun- 





tered an additional 36 cases. This number, together with the 14 cases previously 






reported, makes a total of 50 cases of rupture of the biceps brachii personally 





observed and treated during a total period of a little over fourteen years. The 





D0 cases were found in a total number of 60,792 hospital admissions. This 






eroup of eases, however, does not include several other patients with this eondi- 






; 
| tion seen by the senior author during the past several years who were under 






treatment by our colleagues in other hospitals at the time. 






The more frequent recognition of this interesting musculoskeletal lesion, 






during the past few years has been due, no doubt, to the continued *‘* biceps 





mindedness”? in the diagnosis of shoulder conditions by our resident staff. 






Although rupture of the biceps brachii is not unusual, the condition all too 






frequently goes unrecognized and untreated because the physician or surgeon 





is not familiar with the condition, This is illustrated in several of our Gases 








in which the diagnosis on admission to hospital was recorded as ‘‘strain or 





sprain of the shoulder,’’ ‘‘subdeltoid bursitis,’’ ‘‘arthritis,’’ ‘‘traumatie peri- 






arthritis,’’ ‘‘rupture or tear of the supraspinatus tendon,’’ or ‘‘neuritis.’’ Also, 





on account of the eechymosis, which is frequently an accompanying finding in 






these ruptures, there was a tendency in some instances to consider the primary 






condition to be a rupture of one of the larger blood vessels. 









LITERATURE 





The earliest reports of ruptures and tears of muscles and tendons are found 
in the European literature and date back to the first quarter of the eighteenth 
century. The first report found in the literature of a rupture of a muscle or 
tendon, that of a rupture of the Achilles tendon, was by Petit in 1722. The 








earliest known reference to a rupture of (1) long tendon of the biceps brachii 
was by Chamseru in 1761, and (2) a rupture of distal tendon of biceps brachii 
by Acquaviva in 1898. The first to report a rupture of the supraspinatus tendon 







was Smith in 1835. Sinee then there have been many other reports, so now 
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there may be found reports of ruptures of nearly all of the more important 
museles and tendons. While there has been an increasing number of contribu- 
tions relative to rupture of the biceps brachii, during the past two decades the 
most outstanding have been those by Gilereest. 


GROSS ANATOMY 


The long head of the biceps brachii arises by a round tendon from the 
supraglenoid tubercle at the apex of the glenoid cavity and then becomes 
flattened as it passes through the cavity of the shoulder joint. It emerges as a 
round tendon again, through an opening in the capsular ligament, and beneath 
the transverse ligament it occupies the bieipital groove of the humerus (suleus 
intertubereularis). It is held in the bicipital groove by the transverse humeral 
ligament and the fibrous expansion from the pectoralis major muscle. 

The short head, in common with the coracobrachialis, arises from the tip 
of the coracoid process of the scapula. Tendinous only at first, it forms a 
separate fleshy belly, which is united to the long head by an investment of the 
deep fascia. 

The insertion of the biceps brachii is likewise twofold. The two bellies be- 
come connected with a strong tendon attached deeply in the hollow of the elbow 
to the tuberosity of the radius and by a strong membranous band (lacertus 
fibrosus) to join the deep fascia covering ti origins of the flexor and pronator 
muscles of the forearm, 

The biceps brachii is an extremely variable muscle. Its chief anomalies are 
due to an inerease in the number of origins and insertions. A third head is 
common (10 per cent) and usually arises from the humerus or from the bicipital 
groove. The muscle may also have an additional insertion into the medial condyle 
of the humerus or into the fascia of the forearm. 

The nerve supply to the biceps brachii is by the musculocutaneous nerve 
(C. 5, 6). The action of the biceps brachii is to supinate the forearm, flex the 
elbow, and with the aid of the coracobrachialis to adduct and flex the humerus 
at the shoulder joint. 

OCCURRENCE 

A review of the literature indicates that the muscles and tendons most fre- 
quently ruptured and in order of frequeney are: muscles of the calf extensors 
of the leg, biceps brachii, Achilles tendon, extensors of the thumb and fingers, 
supraspinatus tendon, rectus abdominis, adductors of the thigh, triceps brachii, 
and pectoral muscles. However, in our experience the order of frequency ot 
rupture of muscles and tendons has been biceps brachii, muscles of the calf, 
Achilles tendon, supraspinatus tendon, extensors of the leg, extensors of the 
thumb and fingers, and triceps brachii. We have not thus far encountered rup- 
tures of the rectus abdominis, the adductors of the thigh, or the pectoral muscles. 

Codman, reporting 500 cases of shoulder injuries, found 122 eases of rup- 
ture of the supraspinatus and only 9 eases of rupture of the biceps. He found 
that rupture of the biceps is not infrequently associated with tears of the 
supraspinatus tendon, and was of the opinion that this fact frequently misled 
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many surgeons to attribute supraspinatus tendon symptoms to those due to the 
associated biceps rupture. He believed that rupture of the long tendon of the 
biceps was a trivial matter, but when combined with an injury to the supraspi- 
natus became very serious because of the help of the long tendon in maintaining 
the head of the humerus against the glenoid cavity. 

Biancheri reported that ruptures of the biceps brachii are more frequent 
in the long head and its tendon. He found that the long head and its tendon 
was affected in 96 per cent of cases, the distal tendon in 3 per cent, and the short 
head in only 1 per cent of cases. 

In our series of 50 cases, there were 45, or 90 per cent, involving the lone 
head and its tendon and 5, or 10 per cent, involving the distal tendon. These 50 
‘ases were found in a total of 60,792 hospital admissions or 1 case in every 1,200 
admissions to the hospital. 

Of the 50 cases of rupture of the biceps brachii, 30 were of the right arm 
and 20 of the left arm, while 6 (3 patients) were bilateral lesions. Only one of 
the patients with a rupture of the biceps of the left arm was left-handed. That 
the right arm is more often affected than the left may be explained by the faet 
that the great majority of patients are right-handed and that the right arm is 
more often exposed to indirect forms of injury. 

The oldest patient with rupture of the biceps brachii in this series of 50 
cases was 74 years and the youngest was 32 vears, while the average was 54 years 
of age. 

MECHANISM OF RUPTURE 


In considering ruptures of muscles and tendons one should understand the 
mechanism involved in the production of these injuries. Ruptures of muscles 
and tendons are more commonly the result of muscular action, particularly when 
the muscle is subjected to forceful contraction. External trauma and_ spiral 
twists or torsions of the limb may also produce ruptures of muscles and tendons. 

The sudden contraction of the biceps brachii sufficient to rupture the tendon 
or muscle, more frequently occurs as a result of sudden or uncoordinated move- 
ments such as lifting while in an awkward or strained position. Gilereest, how- 
ever, stated that a fall on the shoulder, usually considered a form of direct 
trauma, may throw a great strain on the long tendon and in this way may 
indirectly produce such a rupture. 

Degenerative and pathologic changes in the muscle or tendon present at the 
time of injury may be predisposing causes. Meyer in the dissecting room found 
many anatomic specimens of the shoulder and arm, in which there were atrophy 
of the muscles and varying degrees of destruction of the tendon of the long head 
of the biceps, due apparently to ‘‘wear and tear’’ or attrition of the tendon. He 
stated that in cases of long-standing rupture of the supraspinatus tendon, the 
intra-articular portion of the biceps tendon is often absent. When the attach- 


ment at the supraglenoid tubercle is lost, the tendon of the long head may become 
reattached in the bicipital groove or to the transverse humeral ligament. At 
times, the intracapsular portion of the long tendon may disappear completely 
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or may fuse with the joint capsule. Meyer also stated that rupture of the long 
tendon may occur with an intact shoulder capsule. 

Bouchers made a very careful study of the mechanical factors involved in 
ruptures of the long tendon. He concluded that ruptures above the bicipital 
groove should be attributed to muscular effort alone but if there be present in 
the tendon or its sheath any condition which would impede the free passage of 
the tendon through the intertubercular notch, that condition would be favorable 
to rupture and should be accorded recognition as a predisposing factor. 

According to Bouchers, osteophytie outgrowths appear on the tuberosities 
of the humerus and grow toward each other, thus tending to convert the groove 
into a canal. The same process takes place in the floor of the groove and along 
the bicipital ridges. These outgrowths are at first smooth, rounded exerescences ; 
later they add a sharply pointed top or spicule. As a result of the outgrowths 
the groove may be converted into a canal and the tendon imprisoned therein ; 
the groove may be filled in and the tendon be dislodged mechanically from its 
hed, or the early formation of spicules may cause the tendon to chafe itself 
incidental to its back-and-forth motion in the groove. 

It is difficult to postulate as to the mechanism of a rupture occurring at a 
museulotendinous junction. Ludington, however, was emphatie in stating that 
all ruptures occurring outside or below the bicipital groove are of traumatic 
origin. Ludineton referred to 2 cases in which the rupture was below the 
groove. In one of these eases, the patient had grasped a rapidly revolving fly- 
wheel, with a resultant rupture at the junction of the tendon and belly of the 
lone head. He assumed that the maximum tension came on the long head with 
the forearm quite extended and the humerus so drawn away from the body as 
to permit the long head to pass from its insertion to its origin in a straight line, 
instead of lving in and following the curve of the humeral head as would usually 
be the case in lifting. He eoneluded, therefore, that the rupture occurred at the 
recognized weak point of the flexor mechanism, that is, the junction of the tendon 
and muscle belly, because the mechanical conditions were such as to equalize the 
distribution of strain. In Ludington’s second ease of rupture below the groove, 
there was a history of repeated direct trauma to the tendon at the site of its 
rupture and at operation ‘‘a fusiform eechymotie swelling was found’’ which 
was believed to have diminished its tensile strength. 

Based on a study of our cases we are in agreement with Ludington’s ex- 
planation as to the probable mechanism of the injury in cases of rupture at the 
museculotendinous junction, since a study of our cases shows that injury was 
either of a direet type or had probably occurred with the arm extended as would 
be expected in checking a fall by grasping the rune of a ladder. 

In the production of a rupture of a muscle or tendon, occupation plays an 
important role. Gilereest stated that ruptures of the neck muscles usually occur 
in hod earriers and packers; of the biceps and triceps in lifters and baseball 
pitchers; of the adductors of the thigh in horseback riders; of the calf muscles 
in boxers, tennis players, runners, and mountain climbers; of the extensor pollicis 
in drum players; and of the back muscles in stevedores. 
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380 SURGERY 


It is obvious, therefore, that laborers and others necessarily exposed to 
heavy stress and strain, as in lifting, are as a group more likely to sustain rup- 
tures and tears of muscles, particularly rupture of the long tendon and _ less 
frequently the distal tendon of the biceps brachii. 





Fig. 1.—Showing rupture of the long tendon of the biceps brachii. 





Fig. 2.—Showing rupture (avulsion) of the distal tendon of the biceps brachii. 


Gilereest also stated that excessive fatigue may render muscle fibers less 
likely to resist a sudden forceful pull or jerk and that this fatigue superimposed 
upon other predisposing factors may cause rupture more easily. He cited the 
case reported by Loos, of a man 70 vears of age, who, upon returning home after 
long and wearisome work, raised his arm to take off his hat and in so doing 
ruptured the long tendon on the left biceps. In this connection one of Harris's 
four eases of rupture of the long head of the biceps brachialis is of much interest. 
In this case, the patient was ‘‘a hale and hearty old gentleman of 92 years who 
sustained a rupture of his biceps as a result of suddenly reaching for something 
above his head.”’ 

Gilereest also mentioned the case of the immortal and versatile John Hunter 
who sustained a rupture of one of the gastrocnemius muscles while dancing. In 
discussing the mechanisms of a ruptured muscle, he quoted Hunter in part: ‘A 
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broken tendon usually arises from the power of a muscle being put into full 
action and a sudden resistance taking place at the same time.’’ Platt, in his 
observation of some tendon ruptures, stated that the Edinburgh anatomist and 
surgeon, Monro (1781), like John Hunter, was himself a victim of this accident. 
In this connection, there might also be added the name of the late Charles H. 
Mayo, who, while running upstairs two steps at a time, slipped and fell for- 
ward, rupturing a soleus muscle. 
SITES OF RUPTURE 

The biceps brachii may rupture at almost any site, depending upon the 
nature of the foree of injury and the presence of degenerative changes in the 
muscle and tendon. 

Because a part of the tendon passes through the shoulder joint and bieipital 
eroove, the long tendon of the biceps brachii is exposed to a greater amount of 
friction or ‘‘wear and tear’’ than other tendons. Consequently, a gradual 
elongation or ‘‘stretching’’ or even a rupture of the long tendon may occur. 
Some partial or incomplete ruptures may be preceded by a gradual fraying out 
of the long tendon in the bicipital groove followed by adhesions sufficiently 
strong to hold the tendon but resulting in the usual bicipital syndrome. 

In rupture of the long tendon, there are two types, the high and the low. 
In the high type, the site of rupture is usually at or near the supraglenoid point 
of origin. In the low type, the rupture is usually found at or slightly below the 
level of the bicipital groove. It is in some of these cases that the long tendon 
may be found elongated or slackened but the end fixed by adhesions in the 
hieipital groove. 

The lone tendon of the biceps may also be found elongated with obvious 
atrophie or degenerative changes present but with no surrounding adhesions. 
The condition (elongation of the long tendon) may exist without a history of 
previous injury and causing little or no incapacity for work. On the other hand, 
secondary rupture may occur in an elongated tendon. 

Rupture of the biceps brachii may also occur at either the lower or upper 
museulotendinous junction and may be the result of either direct or indirect 
violence. 

In some instances, in which the long tendon at operation was found to be 
intact but elongated, there were associated findings indicating either recent 
trauma (edema and extravasation of blood) or an older injury (sear tissue and 
adhesions about the upper musculotendinous junction). These findings were 
helieved due to the long tendon having been partially pulled out of its muscle 
belly. 

The distal tendon, although larger and stronger than the long tendon and 
not subjected to as much ‘‘wear and tear,’’ may rupture under certain stresses 
and strains. In ruptures of the distal tendon, the site is usually at or near its 
insertion on the tuberosity of the radius. 


CLINICAL FEATURES 


The symptoms and signs of rupture of the biceps brachii are fairly constant. 


‘ 


Most of our patients gave a history of a sudden ‘‘snapping’’ sound or sensation, 
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occurring in the arm or shoulder while in the act of lifting or straining. This 
was followed by discomfort or aching pain in the arm and shoulder, ‘‘bunching’’ 
of the muscle, and weakness of the arm. kn a few instanees, the patient was 
unaware of the condition except for the bunching deformity of the muscle and 
lessened muscle power of the arm and shoulder. Several patients noticed areas 
of ecchymosis over the arm, occuring usually soon after the injury but in some 


instances delaved for twenty-four to forty-eight hours. 





Fig. 3.—Showing a large lipoma simulating in appearance a rupture of the long tendon of the 


biceps brachii. 


i? 





resulting from paralysis of the biceps brachii (musculocutaneous 
nerve ). 


Fig. 4.—Showing deformity 


The most common finding is the muscle deformity, essentially a bunching 
of the belly of the biceps. The bunching is marked if the rupture of the long 
tendon is complete or if the incomplete or partial rupture takes place at the 
upper musculotendinous junction. In some patients with complete rupture of 
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the long tendon there was found an irregularity in contour (both visible and 
palpable) of the proximal portion of the bunched musele belly, due to the 
‘eurled’’ or ‘‘jack-knived’’ position of the loosened long tendon. 

The site of the bunching deformity of the belly of the biceps with respect 
to the arm varies with the location of the rupture. In ruptures of the long 
tendon, the bunching or displaced muscle belly is found nearer the elbow, and 
in ruptures of the distal tendon the bunching or displaced musele belly is nearer 
the shoulder. Also, in these lesions of the long tendon there is a hollowing or 
sulcus between the upper portion of the belly of the biceps and the dcitoid 
musele; while in lesions of the distal tendon there is a hollowing or suleus be- 
tween the lower portion of the belly of the biceps and the flexed forearm. 





Fig. 5.—Showing an osteoma (myositis ossificans) developing after drilling of the radius in 
the repair of the rupture (avulsion) of the distal tendon of the biceps brachii. 

In patients with heavy muscles, the bunching deformity can be demonstrated 
more clearly by comparing this region with that of the fellow arm. Therefore, 
it is very important to examine both arms routinely in all patients in which this 
condition is suspected. 

In patients with rupture of the long tendon, local tenderness is frequently 
present in the region of the bicipital groove. Loss of function of the arm and 
shoulder varies from a slight weakness to a moderate loss of power of the arm, 
more noticeable with the arm in an elevated or abducted position. 

DIAGNOSIS 

The diagnosis of rupture of the biceps brachii is not difficult if the condition 
is kept in mind and if, during the examination, the fellow arm and shoulder are 
exposed and used for comparison. 
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Heuter, Ludington, and Yergason have described certain tests or maneuvers 
which are sometimes helpful in the diagnosis of rupture of the lone tendon of 
the biceps brachii. 

Heuter’s Sign.—Flexion of the forearm in pronation when the biceps is 
tense is more forcible than when the forearm is supinated and the biceps relaxed. 

Ludington’s Sign.—The patient is directed to rest his folded hands, palms 
down, on the top of his head and allow the interlocked fingers to support the 
weight of the arms. In this position there is maximum relaxation of the long 
head. The examiner then places two fingers on the tendon of the long head of 
the biceps, and directs the patient to contract and relax the biceps muscle simul- 
taneously. The contraction of the tendon of the long head on the sound side is 
felt plainly, while it is absent on the affected side if the tendon is ruptured or is 
felt less readily if the tendon is elongated. 

Yergason’s Sign.—lf the elbow is flexed to 90 degrees, the forearm being 
pronated, and the examiner holds the patient’s wrist so as to resist supination 
and then directs that active supination be made against his resistance, pain, 
very definitely localized in the bicipital groove, indicates a condition of wear 
and tear of the long head of the biceps or synovitis of its tendon sheath. 

In the differential diagnosis one should consider hematoma, herniation of 
muscle, rupture of the supraspinatus tendon, tumors, both benign and malignant, 
and inflammatory swellings, that is, abscess. Biceps muscle (musculocutaneous 
nerve) paralysis and snapping shoulder due to the short head of the biceps 
muscle slipping over the prominent !esser tuberosity of the humerus, although 
infrequent, are other conditions one might do well to keep in mind. 

Bicipital syndromes may not always be due to actual rupture of the biceps 
muscle but may be the result of a simple elongation of the long tendon or a 
subluxation of the long tendon from its groove. Elongation of the long tendon 
may exist without history of injury and the bunching deformity of the muscle 
may not be marked. In patients with elongation of the long tendon even without 
actual rupture, there may be found the characteristic suleus between the belly 
of the biceps and the distal portion of the deltoid musele. Also, there is usually 
local tenderness in the region of the bicipital groove. Subluxation of the tendon 
of the biceps from its groove is usually a difficult diagnosis to make, but in this 
condition there is fairly constant tenderness in the region of the bicipital groove 
and the long tendon may be palpated as it slips out and in from its groove upon 

external and internal rotation of the shoulder. The only case of subluxation 
(dislocation) of the long tendon that we have encountered (but which is not 
included in this series of cases) is one in which a diagnosis of rupture of the 
supraspinatus tendon was made, but at operation the long tendon was found 
completely dislocated from its groove and both the supraspinatus and the long 
bicipital tendons were found intact. 


TREATMENT 
The character of treatment should depend upon the degree and site of the 
rupture, the age of the patient, the presence of coexisting disease, and whether 
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or not the condition is sufficiently disabling for the kind of work the patient may 
have to do in the future. If the rupture is partial with little deformity and 
only slight loss of function, good results should be expected from conservative 
measures. 

However, in a considerable number of patients operative repair of the 
ruptured muscle or tendon is the treatment of choice. 


Lonp Tendon Pee acl 
Sc py Shorl head 


of B. 





hig, 6.—Diagrammatie drawing of the repair of the long tendon of the biceps brachii by suture 
to the shaft of the humerus (or to the bicipital groove). 


Gilereest was quite in accord with Keen's statement that ‘‘it seemed strange 
to him that surgeons so rarely operated on these patients when one sees so many 
cases of impaired function in those not operated on and such good results in 
those operated on early.’’ Ludington was no less emphatic in stating that the 
proper treatment is operation. He stated that palliative measures offer no 
prospects of relief and that the disability is permanent unless corrected by 
operative means, 
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Although we are not quite willing to go as far as these authors have we are 
fully convinced that operation is indicated in the majority of cases, particularly 
in those patients who are to continue at laborious work and who have no ¢o- 
existing disease that might be a contraindication to operation. This opinion is 
based on a personal experience of 50 cases, of which number there were per 
formed 26 operations with very satisfactory results, 





Fig. 7.—Diagrammatic drawing of the repair of the long tendon of the biceps brachii by suture 
to the insertion of the deltoid muscle. 


For ruptures of the long tendon, one or a combination of several methods 
of repair may be chosen. These methods are as follows: 


1. Suture of the long tendon to the short head (Bazy ) 
2. Suture of the long tendon to the coracoid process (Perthes) 
) 


3. Suture of the long tendon to the biecipital groove or to the humerus 


( Roloff ) 
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4. Suture of the long tendon to the insertion of the deltoid (Cotton and 
Morrison ) 

5. Suture of the lone tendon to the insertion of the pectoralis major 
( Hoffman ) 

6. Suture of the lone tendon to the coracoid process, first passing the 
tendon through the region of the short head (Trethowan and Gil- 


ereest ). 





Lonp Tendon 
oe B 





Fig. §.—Diagrammatic drawing of the repair of the long tendon of the biceps brachii by suture 
to the insertion of the pectoralis major muscle. 


In our previous communication we agreed with Gilcreest that if there is 
sufficient tendon it is better to combine the first two methods, that is, slipping 
the lone tendon through and suturing it to a portion of the short head and also 
suturing the end of the tendon to the coracoid process. In one of our earlier 
cases, we were able, after weaving the long tendon through the short head, to 
fasten the end of the tendon through a hole drilled in the coracoid process, 


which gave not only a high but a very firm attachment. 








SURGERY 


This operation, however, is technically quite difficult and requires a fairly 
large exposure. After a larger experience, we now feel that the simpler opera- 
tion of suturing the long tendon to the insertion fibers of the pectoralis major 
is much more practical. It is more easily done and the end results are most 
satisfactory. The fibrous expansion of the pectoralis major muscle with the 
transverse ligament forms the roof of the bicipital groove and, therefore, the 


1-Short head 
\\\ WE of B 
r 


Kig. 9.—Diagrammatic drawing of the repair of the long tendon of the biceps brachii by suture 
to the coracoid process after passing the tendon through the short head of the biceps. 


suturing of the long tendon to the fibrous expansion of the pectoralis major 
maintains the normal alignment of the muscle. On the other hand, suturing of 
the long tendon to the insertion of the delotid muscle results in a pull laterally, 
while suturing of the long tendon to the coracoid process or short head tends to 
produce a pull of the muscle medially. The suturing of the long tendon to the 
insertion fibers of the pectoralis major muscle also gives the long tendon a new 
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site of origin, higher than that with the fixation at the insertion of the deltoid 
muscle. The site of fixation to the expansion fibers of the pectoralis major muscle 


is essentially the same as the site of fixation of the distal portion of the divided 


long tendon as advised by Nicola in his operation for habitual dislocation of the 
shoulder, and which has been found in no way to impair the function of the 
hiceps muscle. Also, suturing of the long tendon to the fibrous expansion of the 
pectoralis major muscle does not require as much long tendon as is necessary in 
suturing the long tendon to the coracoid process of the scapula. 

For long tendon ruptures of the low type and for ruptures of either the 
upper or lower musculotendinous junctions it may be necessary to resort to 
fascia lata transplantation, or some other plastic procedure. With the site of 
rupture at the upper musculotendinous junction but with the long tendon fixed 
and competent we have sectioned the distal end of the long tendon and reim- 
planted the end in the muscle at a more distal site, thus elevating the muscle 
belly in an attempt to correct the muscle deformity and restore normal function 
of the musele. 

or ruptures of the lower tendon, several methods of repair have been sug- 
vested. Kirschner employed fixation of the tendon to the radius with a nail or, 
if this is not possible, he sutures the tendon to the neighboring soft parts. 
Leavitt searified the periosteum and reattached the distal tendon by means of a 
hole drilled through the margin of the bicipital tuberosity. Bauman demon- 
strated a method of suturing the distal tendon by transfixing the tissues with 
sutures from the end of the tendon carried through to the posterior aspect of 
the forearm, where they are tied over gauze to hold the tendon in place. 

Dobbie, in an analysis of 51 previously unreported cases of avulsion of the 
distal tendon, stated that there were many different methods of accomplishing 
repair of a ruptured distal tendon. In brief, these methods consisted of either 
a replacement of the avulsed distal tendon to the radius or an attachment of the 
distal tendon to structures in the forearm, other than the radius, that is, 
lacertus fibrosus, brachialis anticus muscle, or the ulna. Dobbie, in his own 
case, obtained a satisfactory result by splicing the distal tendon into the well- 
defined tendon of the brachialis anticus at its insertion into the base of the 
coronoid process of the ulna. 

Kascial transplants, usually autogenous, have been used for fixation of the 
distal tendon by means of either loops around or drill holes in the shafts of the 
radius or ulna. Plummer, in his case, using ox fascia, approximated the distal 
tendon by means of drill holes through the ulna shaft adjacent to the bicipital 
tuberosity of the radius. Gallie used fascial grafts either looped around the 
shaft or through a drill hole in the bieipital tuberosity. 

Fixation of the distal tendon to the radius or ulna, no doubt, gives a very 
firm reattachment but is a difficult operative procedure requiring a rather ex- 
tensive dissection. Such operative procedures, therefore, are probably not worth 
while, since uniformly good results are obtained by the more simple operative 
procedures. 

One might also comment on the added trauma to the deeper structures of 
the antecubital space, incidental to subperiosteal dissection or drilling of either 
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the radius or ulna in the more difficult or extensive operative procedures. An 
example of this sequel was observed in a patient referred to us from another 
city. The patient had previously suffered a rupture of the distal tendon of the 
biceps brachii and the method of repair was that of fixation of the distal ten fon 
through a drill hole placed in the bicipital tuberosity of the radius. The im- 
mediate result was satisfactory but later there developed a hard lump or mass 
in the hollow of the elbow and upper forearm, which not only caused considerable 
discomfort but interfered with function, chiefly flexion of the elbow and supina- 
tion and pronation of the forearm. The lump proved to be a large ossified mass 
contiguous with the radius, probably a periosteal osteoma or an ossification of a 
hematoma, that ultimately necessitated surgical excision. Such an occurrence 
of an ossified mass is somewhat analogous to the localized ossification or myositis 
ossificans that occasionally follows severe elbow injuries, particularly disloea- 
tions of the elbow. 

In our previous communication, we stressed the importanee of obtaining 
maximum relaxation and approximation of the torn muscle or tendon during the 
period of immobilization of the extremity. This optimum position for function 
was premised on the condition that if stiffness of the shoulder did occur, it would 
disable the patient as little as possible and would be advantageous to start from 
in securing a wide range of motion. This position, deseribed also by MacGregor, 
was similar to the position of military salute, in which the arm is in moderate 
abduction and external rotation, the forearm in midposition and the elbow flexed 
to about 115 degrees. 

However, after further experience we feel that it is more practical to im- 
mobilize the extremity immediately after operation in a sling with a reinforee- 
ment of light molded plaster of Paris or a Velpeau dressing for a period of ten 
to 14 days postoperatively, after which the extremity is placed in the so-called 
optimum position for function. The latter may be accomplished by using a 
special abduction arm splint if the patient is to remain ambulatory, or the 
patient may be put in bed for two to three weeks with the extremity maintained 
in the optimum position for function by means of balanced suspension with the 
overhead pulley. Convalescence is aided by the use of local heat, light massage, 
and increasing active exercises. 


SUMMARY 


1. The subject of ruptures of muscles and tendons, with particular refer- 
ence to rupture of the biceps brachii, is reviewed and discussed together with a 
report of 50 cases of rupture of the biceps brachii personally observed during 
a fourteen-year period. 

2. Ruptures of the biceps brachii often go unrecognized and untreated. 
This is due to the fact that many general practitioners and surgeons are not 
familiar with the condition. Mistaken diagnoses include conditions, such as 
strain or sprain of shoulder, rupture of supraspinatus tendon, subdeltoid bursitis, 
arthritis, periarthritis, neuritis, and rupture of blood vessels. 

3. The increasing frequency of occurrence or rather diagnosis is due to the 
continued ‘‘biceps mindedness’’ in the diagnosis of shoulder conditions by our 
resident staff. 





Nat Oa os 








WAUGH ET AL.: RUPTURES OF MUSCLES AND TENDONS 39] 


4. The 50 eases of rupture of biceps brachii include ruptures of the long 


tendon, ruptures at the museculotendinous junction, and ruptures (avulsion) of 


the distal tendon. 


5. Twenty-nine of the 50 patients with rupture of the biceps brachii were 


subjected to operation. The results following operation were very satisfactory 


in all but one ease. 


6. The character of treatment depends upon the degree and site of the rup- 


ture and the age and occupation of the patient. However, in most instances 


operation is the method of choice. The various types of operation for ruptures 


of the biceps brachii are discussed in detail. 


L 
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MOTOR RESPONSES OF SPATIALLY TRANSPOSED 
INTESTINAL LOOPS 


Davip H. Watkins, M.D.,* aNp FRANK C. MANN, M.D.,¢ RocHeEStTER, MINN. 


Ht exteriorized, skin-covered intestinal loop has offered a method of study- 
| the motor behavior of the intestine under a variety of conditions without 
interrupting the normal functions of the loop or introducing factors of inter- 
ference such as intraluminal foreign bodies.1~° 

Alvarez®* has shown that the rates of rhythmic contraction both of sur- 
viving isolated loops and of loops in continuity in the saline bath are constant 
for a given intestinal loop and vary inversely with the distance from the pylorus. 
He has expressed the belief that this movement is myogenie in origin and does 
not depend on nerve cells. Krishnan,® Castleton,® and others have obtained 
similar results. Douglas and Mann? confirmed this property of the intestine 
using the exteriorized, skin-covered loop. 

After a fast of forty-eight hours, during which time the animals receive 
only water, the exteriorized loop shows minimal activity. The introduction of a 
stomach tube in sham feeding or the administration of various liquids or solids 
causes a sudden burst of activity which is sustained in the case of a solid meal 
for hours. This metor response consists of a marked increase in tonus waves 
and tonus ¢hanges, irregular segmenting movements, and peristaltic waves 
which occur frequently but irregularly.2. This feeding response is not mediated 
hy the vagus nerves but it does depend on the continuity of the intestine for its 
mediation. Partial interruption of continuity by short-cireuiting operations 
eave indefinite results, while complete isolation of the loop resulted in the 


* Douglas and Mann* * demonstrated that the 


absence of the feeding response.” 
time of the feeding response varies directly with the distance from the pylorus. 
In an animal havine two loops at different distances from the pylorus, the 
response in the loop at the higher level always occurred before that in the lower 
loop. Interruption of the gut proximal to the loop and anastomosis in such a 
fashion as to prevent immediate union of muscular coats and enterie nerves did 
not affect the motor response. 

In the present study it is proposed to investigate the behavior of an 
exteriorized intestinal loop in respect to these two functions, rate of rhythmie 
contractions and time of feeding response, both before and after transplantation 
to another site of the intestinal tract. All operations were performed with the 
animal under ether anesthesia, sterile technique being used. Trained dogs, fasted 
for forty-eight hours, were used; records were obtained by a tambour-Brodie 
bellows air-displacement recording system. The behavior of the loop was studied 
before and after the feeding of a meal of fresh raw horse meat. Fasting tracings 
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of from three-fourths to one hour were obtained, and tracings were continued 
two hours after feeding. When the loop had been standardized, it was trans- 
planted to another site in the intestinal tract. Thus, a loop of jejunum was 
transplanted to the ileum, or a loop of ileum was transplanted to a position in 
the jejunum. The segment transplanted was always anastomosed in isoperistaltic 
fashion. The incision for this secondary procedure was always placed on the 
side of the abdomen opposite that on which the exteriorized loop lay. The loop 
into which the exteriorized segment was to be intercalated was selected and its 
position in the intestinal tract was carefully noted. The anastomoses were all of 
the side-to-side type, except when the segments were too short, in which case 
end-to-end anastomoses were used. The weakest point in the technique is the 
fact that after the anastomoses are completed, three rents remain in_ the 
mesentery in such position that they cannot be closed by suture; thus, a pre- 
disposition to internal herniation and strangulation obtains. The incisions were 
healed and the animals were ready for study after two or three weeks. In two 
animals the effects of simple sectioning and anastomosis of the proximal and 
distal ends of the exteriorized loop were studied. Studies were made after com- 
plete recovery from operation, six months later, eighteen months later, and two 
vears later. 
RESULTS 

The most common type of activity seen was the irregular segmentation. 
This appeared to be a summation of simpler movements with phase differences. 
Peristaltie waves were very uncommon in the fasting loops but were regularly 
seen after feeding. They involved the entire loop in the contraetion, and by 
light finger pressure the passage of contents in an aboral direction was percepti- 
ble. The kymographie tracings of such activity show that these waves have the 
form of the P or, more commonly, the K waves described by Krueger, Lampe, 
and Reid.'® Interesting as the analysis of the type of wave form is, the real 
criterion which we used for the purpose is free of all objections that might be 
attributed to the recording method. We were interested in the motor feeding 
reaction, a response characterized by a marked increase in the tonus waves and 
tonus changes, irregular segmentation, and peristaltic waves. 

In all experiments the number of rhythmic contractions per minute and the 
time of feeding response were noted. The loops were standardized in this fashion 
before being transplanted. After recovery from transplantation, usually a 
period of from two to three weeks, these two sets of data were again determined. 
These results are given in Table I. 

It was found that the number of rhythmic contractions per minute of any 
individual loop remained remarkably uniform throughout. The rates of those 
loops in the jejunum and close to the ligament of Treitz were around 17 to 18 
per minute; the rate decreased uniformly until it was 11 to 12 per minute in 
those loops just above the ileocecal valve. The interval from feeding to the time 
of motor response in the loop (feeding reaction time) varied directly as the 
distance from the pylorus. It varied from one to five minutes in the loops of 
the upper part of the jejunum and seven to ten minutes or longer in the loops of 
the lower part of the ileum. 
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TABLE I. RHYTHMIC CONTRACTIONS PER MINUTE AND TIME OF FEEDING RESPONSE BEFORE 


AND AFTER TRANSPLANTATION OF INTESTiNAL Loop 


BEFORE TRANSPLANTATION | AFTER TRANSPLANTATION 





RHYTHMIC sire To | RHYTHMI NUMBER 
CONTRACTIONS | FEEDING |WHICH LOOP] CONTRACTIONS! pEEDING OF 
PER MINUTE |rESPONSE| WAS TRANS- |_ PER MINUTE |response| EXPERI- 
ANIMAL|SITE OF LOOP|AVERAGE! RANGE ( MIN. ) PLANTED AVERAGE! RANGE (MIN. ) MENTS 

l 18 em. below 17 16-18 l 30 em. above LS | 14-16 6-20 18 
ligament ileoceceal 
of Treitz valve 

2 15 em. below ce 17-18 ] 20 em. above 15 1443 10-15 28 
ligament ileocecal 
of Treitz valve 

3 $2 em. below 17 17-18 1-6 10 em. above 14 13-14 10-15 ao 
ligament ileoceeal 
of Treitz valve 

} tS em. below 17 16-18 1-3 °20 em. above 15 14-16 8-10 17 
ligament ileocecal 
of Treitz valve 

D 72 em. below 15 14-16 5-10 |20 em. below i: 13-14 1-4 24 
ligament ligament 
of Treitz of Treitz 

6 36 em. above i 12-14 8-15 /36 em. below] 12 11-15 ] 15 
ileocecal ligament 
valve of Treitz 

7 1S em. above 13 12-13 7-18 40 em. below 11 11-12 1-4 30 
ileocecal ligament 
valve of Treitz 

Ss 14 em. above 12 11-13 10-15 Proximal 1] 11-12 10-15 | 18 
ileocecal end of 
valve loop tran- 


sected and 
anasto- 
mosed 


9 15 em. below! 17 17-18 3 Both ends of 15 14-15 | 1-4 93 
ligament loop tran- | 
of Treitz sected and 


anasto- 
mosed side 
to side 


After transplantation of the loop the rate of rhythmie contractions was seen 
to decrease by one or two contractions per minute regardless of whether or not 
the loop was transplanted higher in the tract than originally. For example, 
in Animal 5, which initially had a loop the mid-portion of which was 72 em. 
helow the ligament of Treitz, the original rate was 15 per minute. After the 
loop had been transplanted to a position higher in the jejunum the rate dropped 
to 13 per minute. In another loop (Animal 7) the rate dropped on transplanta- 
tion to a higher level from an average of 13 per minute to an average of 11 per 
minute. The same condition was noted on transplantation of a loop from a 
higher to a lower position. For example, in animal 1 the original site of the 
loop was 18 em. below the ligament of Treitz, where the average rate of 
rhythmic contraction was 17 per minute. When the loop was transplanted to a 
position low in the ileum the rate dropped to an average of 15 per minute. 

The feeding reaction time varied directly with the distance from the 


pylorus. Loops which were originally high in the jejunum and had immediate 
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Fig. 1.—Kymograph records from 


top to bottom: 
1. Feeding reaction in high jejunal loop (Animal 2). 
2. Feeding reaction in high jejunal 


loop after transplantation t« 
(Animal 


» lower part of ileum 
8. Feeding reaction in low ileal loop (Animal 7). 

,. Feeding reaction in low ileal loop after transplantation to higher part 
(Animal 7). 

Top line of each record is respiratory tracing; middle line 
of loop; lower time tracing is in intervals of five seconds. 


of jejunum 


is record of motor activity 
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feeding reaction time (one to three minutes), on being transplanted to a position 
lower in the ileum had feeding reaction times of eight to twelve minutes; c¢on- 
versely, loops originally low in the ileum and having feeding reaction times of 
eight to twelve minutes or longer, on being transplanted high into the jejunum 
manifested immediate feeding reaction times (Fig. 1). 


COMMENT 

The fact that the time of the motor response to feeding in a given loop 
varies directly with.the distance of that loop from the pylorus bears out the 
original hypothesis of Douglas and Mann® that some form of motor activity 
passes down the length of the small intestine after feeding. It would appear 
from such observation that the response does not depend on the integrity of the 
mesenteric nerves. The behavior of the rhythmie contractions presents some 
unusual features. The fact that the rate is decreased when a loop is moved would 
seem to indicate that the rate of rhythmie contraction is a property inherent in 
the loop itself and does not depend on the continuity of the intestine. Alvarez,® 7 
Douglas and Mann,’ and others have demonstrated that the rate of rhythmie 
contraction is consistent for any given loop with a variation of + 1 contraction 
per minute. The rate was found by them to be a function of the distance from the 
pylorus, the loop at the highest level having the highest rate. This rate was not 
affected by degenerative section of vagal or splanchnic nerves. 

We attempted to control this point by sectioning the afferent and efferent 
limbs of the exteriorized loops and anastomosing them without the added 
feature of transplantation. In one dog with a low loop there was a decrease 
from an average of 12 to 11 per minute. However, only the afferent limb of this 
ileae loop lent itself to sectioning and only one anastomosis was made. In a 
dog with a high jejunal loop both limbs of the loop were sectioned and anas- 
tomosed. Here the rate fell from 17 to 15 per minute. 

It is interesting to compare a finding of Castleton® from his study of 
electrographic tracings of intestinal loops; he found that there was a decrease 
in rate of rhythmie contraction after denervation. Later he isolated completely 
an exteriorized loop which he had studied previously. Whereas before isolation 
the rate of rhythmie contraction had been 17 or 18 per minute, after isolation 
the rate decreased to 13 or 14 per minute. 

We have no explanation for our observation except to compare it with the 
drop in rate seen after complete isolation. Further studies with end-to-end 
anastomoses would perhaps lead to an explanation. Cannon and Murphy" have 
shown, for example, that the efficiency of the gut after end-to-end suture is 
not compromised. However, after side-to-side anastomoses there is some dis- 
turbanee of function, because food tends to accumulate in the blind ends formed 
by the opposed loops. 

Douglas,’ in 1948, working independently in Edinburgh on dogs, found a 
fall in frequency of the order of 20 per cent when a jejunal loop is transplanted 
or isolated. He noted a similar fall in frequency following section and reanas- 
tomosis of the intestine proximal to a jejunal loop, whereas he found no change 
in frequeney following distal section. 
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SUMMARY 


Exteriorized skin-covered loops of jejunum and ileum were studied in 
respect to their rhythmic contractions and their motor responses after feeding. 
These rhythmic contractions were found to be constant for any given loop of 
intestine with a variation of +1 contraction per minute. The motor feeding 
response was found to occur more rapidly in those loops which were nearer the 
pylorus than in more distal loops. 

The positions of the intestinal loops were changed with respect to their 
distanee from the pylorus. Loops which were originally high in the jejunum 
were transplanted without interference with their blood and nerve supply to 
positions in the lower part of the ileum. Likewise, loops that were low in the 
ileum were transplanted to a position high in the jejunum. These operations of 
interealary transplantation of intestinal loops have been successfully carried out 
in dogs although they involve several inherent risks. Several preparations, how- 
ever, are in good condition four vears after operation. 

The rhythmic contractions in the transplanted loops were of the same order 
as when the loop was in its original position minus one or two contractions per 
minute. The rate of rhythmic contractions is thus seen to be a property of the 
loop itself; it does not depend on the relative position of the loop in the 
intestinal tract. 

The time of the feeding response depends on the relative position of the loop 
in relation to the remainder of the intestinal tract. The more orad the loop, the 
quicker does the motor response occur after feeding. These findings support the 
hypothesis that after the ingestion of food there is a wave of activity passing 
down the length of the small intestine. 


REFERENCES 


1. Biebl, Max: Graphische Darstellung der Darmbewegungen an der einem Hautsehlauch 
exventerierten Darmschlinge, Klin. Wehnschr. 9: 1674-1675, 1930. 


2. Douglas, D. M., and Mann, F. C.: An Experimental Study of the Rhythmic Contractions 
in the Small Intestine of the Dog, Am. J. Digest. Dis. 6: 318-522, 1939. 

3. Douglas, D. M., and Mann, F. C.: The Activity of the Lower Part of the Tleum of the 
Dog in Relation to the Ingestion of Food, Am. J. Digest. Dis. 6: 434-439, 1939. 

t. Douglas, D. M., and Mann, F. C.: The Gastro-ileac Reflex: Further Experimental 
Observations, Am. J. Digest. Dis. 7: 55-57, 1940. 

5. Grindlay, J. H., and Mann, F. C.: Effect of Liquid and Solid Meals on Intestinal 
Activity, Am. J. Digest. Dis. 8: 524-527, 1941. 

6. Alvarez, W. C.: Functional Variations in Contractions of Different Parts of the Small 
Intestine, Am. J. Physiol. 35: 177-193, 1914. 

7. Alvarez, W. C.: An Introduction to Gastro-Enterology, New York, 1940, Paul B. Hoeber, 


Inc., pp. 778. 

&. Krishnan, B. T.: Studies on the Function of the Intestinal Museulature. IT. The Varia- 
tions in Rate and Character of the Normal Movements in Different Regions of the 
Intestine, Quart. J. Exper. Physiol. 22: 199-208, 1932. 


9. Castleton, K. B.: An Experimental Study of the Movements of the Small Intestine, Am. 
J. Physiol. 107: 641-646, 1934. 
10. Krueger, Hugo, Lampe, Isadore, and Reid, J. G.: The Effects of Morphine and _ its 


Derivatives on Intestinal Movements. V. Contributions to the Analysis of Intestinal 
Records, J. Pharmacol. & Exper. Therap. 56: 327-540, 1936. 
11. Cannon, W. B., and Murphy, F. T.: The Movements of the Stomach and Intestines in 
Some Surgical Conditions, Ann. Surg. 43: 512-556, 1906. 
Douglas, D. M.: Personal communication. 











THE MECHANISM OF SHOCK IN PERITONITIS 


A STUDY OF THE HEMODYNAMICS OF SHOCK OCCURRING IN PERITONITIS 
KM XPERIMENTALLY PRODUCED IN Dogs 


RicHarp V. Epertr, M.D., PauL S. HaGex, M.D... AND CRAIG W. Borpen, M.D. 
MINNEAPOLIS, MINN. 


(From the De partment of Medicine, Unive rsity of Minnesota Medical School) 


r A study of traumatic shock associated with battle wounds,' it was noted 
that severe and irreversible shock frequently occurred with penetrating ab- 
dominal wounds in which there was fecal contamination of the peritoneal cavity. 
Certain patients in shock from abdominal wounds had a good initial response 
to therapy and then developed a secondary fall in arterial pressure which did 
not respond to further transfusions even though the blood volume was restored 
to normal. Richards? noted that the decrease in blood volume was less marked 
in the shoek of abdominal injury than in the shock of skeletal trauma and sug- 
vested that peritonitis and infection may play an important role in the produe- 
tion of shock following abdominal wounds. 

In order to elucidate the hemodynamies of the shock accompanying pert- 
tonitis, a study was made of the experimental shock produced by fecal con- 


tamination of the peritoneal cavity of dogs. 


METHOD 


The studies were carried out on mongrel dogs. Plasma volume was deter- 
mined by a dye method.* The oxygen consumption was measured directly using 
a Benedict-Roth closed circuit spirometer. The eardiae output was determined 
by the Fick principle.t| A catheter was introduced through the right external 
jugular vein and passed into the right ventricle under fluoroscopic vision.’ Mixed 
venous blood from the right ventricle was obtained through the catheter. The 
arterial pressure was measured with a mercury manometer by direct puncture of 
the femoral artery. The total peripheral resistance (TPR) in dynes per second 


per centimeter’? was calculated from the formula’ : 


TPR Arterial Pressure (mean) mm, He. « 1382 
ial st Cardiae Output (M1./see. ) 

After completing the control studies, the dog was anesthetized with sodium 
pentothal and a small midline abdominal incision was made. Approximately 
50 ¢.e. of a thin suspension of feces in saline solution were introduced into the 
peritoneal cavity. The dog was then allowed to recover from the effeet of the 
anesthetic agent. One group of dogs was allowed to progress into shoek without 
therapy. In a second group of dogs an attempt was made to maintain the blood 
volume at the normal level by plasma and blood transfusions. Because of the 
rapid loss of plasma into the peritoneal cavity it was impossible to maintain a 
completely normal plasma volume at all times, but it was possible to maintain 
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the arterial pressure until a terminal fall. When the fall in arterial pressure 
occurred the studies were repeated. The rectal temperatures of the animals 
were followed during the course of the experiments and ranged between 101 
and 104° F. 

Autopsies were performed on all animals, at which time the blood from the 
heart was cultured. 

RESULTS 

The group of seven dogs which was untreated developed severe shock in 
three to ten hours. The shock was characterized by a decrease in arterial pres- 
sure, hemoconcentration, low plasma volume, and a fall in cardiac output (‘able 
[). The average reduction in plasma volume in the five does in whieh it was 


TABLE I 


MEAN TOTAL 
HEMA- CARDIAC | ARTERIAL | PERIPH 
TOCRIT PLASMA | OUTPUT |PRESSURE ERAI 
WT. READ- VOLUME (L. PER (MM. RESIST 
(KG.) | ING Gx; MIN. ) HG, ) ANCI COMMENT 


Untreated Controls 


16.8 44.2 3.22 168 1170 Control 

59.2 . 0.77 50 5190 7’7” after introduction of feces 
16.7 ay f 2 1.68 114 5420 Control 

60.0 1.50 68 3620 10’5” after introduction of feces 
12.9 51.8 720 2.55 138 1320 Control 

69.7 $40) 1.67 96 $590 9’30” after introduction of feces 
16 15.6 1080 2.60 110 3380 Control 

71.3 610 0.83 60 5770 8’50” after introduction of feces 
1D 48.2 1000 2.00 150 5990 Control 

65.2 520 1.20 ie $790 6'42” after introduction of feces 
22 50.1 640 2.20 138 5010 Control 

61 $20) 0.49 50 8150 3’ after introduction of feces 
15.9 46.9 S40 1.80 155 GSS80 Control 

73.3 350 0.40 10) 7990 1013” after introduction of feces 


Inadequately Treated Shock. 


12.3 a1. 650 1.45 150 R97) Control 
62.0 180 0.62 D8 7470 10/45” after introduction of feces, 
1300 ¢.c, plasma 
12.0 42.4 800 1.82 130 5710 Control 
58.5 520 0.92 70 BOSD 8’37” after introduction of feces, 


1150 ¢.e. plasma 


18.6 19.0 sera 120 9930 Control 
70.2 2.00 79 S000 9/5” after introduction of feces, 
1000. @.e, plasma, 100 ¢.e. blood 
Ade quate ly Treated Shock 
14.1] 16.2 TSO 1.09 195 9160 Control 
93.2 670 1.78 60 P6990 p45" after introduction of feces, 
925 ¢.c. plasma 
15.9 53.1 790 2.00 118 1710 Vainteet 
54.8 TSO 9 20 68 2470 9’15” after introduction of feces, 
1950 e.e. plasma 
12.3 D2.2 630 3.06 105 2500 Control 
55.4 590 3.15 70 1780 LO" altar teteeiadiinn of tem. 
1300 ¢.c. plasma 
15.4 50.2 790 2.22 36 4900 Control 
50.0 810 9.18 76 9790 10’25” after introduction of feces, 
1350 ¢.c, plasma 
15.6 O84 630 2.18 168 6160 Control 
51.9 E80 2.83 62 1750 8’30” after introduction of feces. 


1225 ¢.c. plasma 
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measured was 44 per cent. The change in total peripheral resistance was vari- 
able, there being an increase in five instanees and a decrease in two instances. 
The average total peripheral resistance for the group was 5,020 during the con- 
trol period and 5,730 during the period of shock. After death 350 to 550 ¢.e. of 
fluid with an average protein content of 2.5 Gm. were found in the peritoneal 
cavity. 

In a second group of three dogs, the shock was inadequately treated as shown 
by reduced plasma volume or marked hemoconcentration. This group showed 
essentially the same findings as the untreated group. 
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Fig. 1.—Graphic comparison of the change in cardiac output with change in plasma 
volume (A) and arterial pressure (B) following production of shock by peritonitis. Solid 
circles represent untreated dogs, open circles represent adequately treated dogs, and crosses 
represent inadequately treated dogs If the peripheral resistance remained constant with 


changes in cardiac output and arterial pressure the values would fall on the diagonal line in B. 


In the group of five animals adequately treated, as defined by a relatively 
normal blood volume, a marked fall in arterial pressure occurred in six to eleven 
hours. The animals appeared extremely ill and were usually semicomatose. The 
plasma volume was normal or only slightly decreased and there was no evidence 
of hemoconcentration. The mean arterial pressure was markedly reduced but 
the eardiae output remained unchanged or was somewhat elevated above the con- 
trol level (Table I and Fig. 1). As a consequence, the total peripheral resistance 
was reduced in all instances, the average value for the group being 5,490 during 
the control period and 2,300 during the period of shock. Culture of the blood 
consistently yielded bacilli of the colon group. It is of interest that transfusion 
therapy did not prolong life. 


DISCUSSION 


The shock produced by peritonitis in the untreated animals resembles shoek 


> 7 8g 


due to hemorrhage,” *** in that the arterial pressure and cardiae output are re- 
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duced and the peripheral resistance is maintained. The reduction in cardiac 
output ean be attributed to a considerable reduction in plasma volume, which is 
caused by the loss of fluid into the peritoneal cavity. Mention should be made 
of the role of hemoconcentration in the shock of peritonitis. Seligman, Frank, 
and Fine® have emphasized that hemoconcentration increases peripheral resist- 
ance, because of the increased viscosity of the blood. In the untreated animals 
the hematocrit reading is markedly increased, and the consequent increased vis- 
cosity of the blood must play a role in maintaining the peripheral resistance. 

If the plasma volume is sustained by infusion of plasma, hypotension even- 
tually develops even though the blood volume is normal and the cardiae output 
is not reduced. This hypotension is attributed to a loss of peripheral resistance 
due to vasodilatation. In the animals adequately treated with plasma the hema- 
tocrit reading is held at normal levels and hence increased viscosity of the blood 
is lacking. 

The fall in arterial pressure which occurs in the adequately treated shock of 
peritonitis must be differentiated from the irreversible shock which may follow 
severe hemorrhage. It has been shown that if the arterial pressure of a dog is 
kept below 40 mm. He for one hour by repeated hemorrhages, reinfusion of the 
blood will not restore the pressure, and death eventually ensues.’° The cardiac 
output is usually low although there may be a transient increase immediately 
after transfusion.'' In the present experiment a prolonged period of hypoten- 
sion was avoided, and the cardiac output remained normal or was slightly in- 
creased. Hence, the mechanism of the fall in the arterial pressure in the ade- 
quately treated shock of peritonitis is believed to be different from that which 
oceurs in the irreversible shock of hemorrhage. 

The reason for the vasodilatation and consequent decrease in peripheral 
resistance in the adequately treated group of dogs is not known, The tremendous 
vasodilatation in the splanchnic area, due to the peritonitis, must be a factor of 
major importance. Blalock'? observed a fall in blood pressure without fall in 
eardiae output after the introduction of bile, pancreatic or gastrie secretions 
into the peritoneal cavity of dogs. The fall in blood pressure was attributed to 
dilatation of the small intraperitoneal vessels. The importance of the infection 
itself is less easy to evaluate. Shock in animals consequent to infection with 
bacteria of the Clostridium group has been deseribed.’* '* This shock was not 
‘aused by a lowered blood volume although the cardiae output was reduced and 
the peripheral resistance was increased. The role of the vasodepressor principle 
(VDM) described by Shorr and associates’? in hemorrhagic and tourniquet 
shock cannot be evaluated from the present studies. 

In recent years there has been a proper emphasis on the importance of the 
diminished blood volume in the pathogenesis of traumatie shock. Such emphasis 
has tended to obscure the importance of the peripheral vascular bed. The elin- 
ical studies of Merrill and co-workers'® have shown that vasodilatation is of 
importance in the shock associated with stab wounds of the chest as evidenced 
by the marked fall in arterial pressure in the presence of a relatively normal 
eardiae output and blood volume. The present study suggests that both the 
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diminution in blood volume and the reaction of the peripheral vascular bed are 
important in the pathogenesis of the shock of peritonitis. 


SUMMARY 
1. Shock secondary to peritonitis was experimentally produced in dogs by 
introducing feces into the peritoneal cavity. 
2. In untreated animals the shock appeared to be due to diminution of 


plasma volume as a result of loss of fluid into the peritoneal cavity with con- 
sequent reduction in cardiae output and fall in arterial pressure. 

3. In animals treated with plasma there was a fall in blood pressure in the 
presence of a normal blood volume and eardiae output. The hypotension was 
a result of a loss of resistance in the peripheral vascular bed. 

4. This study suggests that both the loss of plasma into the peritoneal cavity 
and vasodilatation particularly in the splanchnie area are implicated in the 
pathogenesis of the shock of peritonitis. Under these circumstances, transfusion 
therapy is ultimately ineffectual. 
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ACUTE PERFORATIONS OF STOMACIL AND SMALL BOWEL 
ULCERATIONS 


AN ANALYSIS OF THREE ILUNDRED Sixty-TWo CONSECUTIVE CASES 


Kirst LiIguTeENANT CARLYLE AUGUST LuUER, MepicaL Corps, Forr Ritey, KAN. 


(From the St. Louis City Hospital, St. Louis, Mo.) 


- TI ten-year period between 1938 and 1948, there have been 562 proved 
cases of acute, free perforation of gastrointestinal ulceration at the St. 
Louis City Hospital. Of these, 318 patients were treated surgically and the 
remaining 44 cases were proved at autopsy. Those few patients who were 
treated conservatively, either because of indecision in diagnosis or because of 
the patient’s refusal of surgery, and who did not come to autopsy, have not 
been included. A summary of these cases is being presented to review the 
established facts and their relationship to one another, as well as to present 
a few less publicized aspects of the disease. 

Incidence.—During this ten-year period there were 170,236 hospital ad- 
missions, and 0.21 per cent of these were for acute intestinal perforations. 

Years—The number of operations for perforations has varied with each 
year, the yearly average being 31. Since 1958, the operative mortality has 
gradually decreased, which possibly can be explained by the introduetion of 
the sulfonamide drugs and penicillin. 

Seasons.—The usual, and unexplained, increased occurrence of perfora- 
tion in spring was noted. The increased operative mortality in winter is prob- 
ably explained by the high incidence of respiratory infection, by the patient’s 
decreased resistance to infections, and perhaps by a delay in his entering the 
hospital because of the weather. 

Occupation.—Oft these patients, 50.5 per cent were either unemployed or 
retired. Twelve truck drivers comprised the most frequent occupation; there 
were 10 each of salesmen and clerks, and bartenders ranked third with 7. 
Sixty per cent were either married or widowed; 27 per cent were single and 12 
per cent were divorced or separated. 

Ser—Seventeen patients (4.7 per cent) included in this series were 
women, and all 9 who were treated surgically lived. Apparently because the 
diagnosis was not considered so frequently for women, the diagnosis was not 
made in the remainder until autopsy, for a total mortality of 47.1 per cent. 

Ages.—Two-thirds of all the patients were between 50 and 60 years of 
age, the 40 year age group having been the most common. The mortality 
gradually rose from 0 per cent in the teens to 75.7 per cent for the 70 year age 
group. There is no doubt that the mortality of those in the 80 vear age group 
would have been higher had there been many more of them. The total post- 
operative mortality was 18.2 per cent. 
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TABLE I. YEARLY VARIATIONS OF INCIDENCE AND MORTALITY 





4 OPERATIVE PER CENT 
j YEAR CASES DEATHS MORTALITY 
i 1938 24 10 41.7 
1939 37 11 29.7 
1940 28 5 17.9 
1941 38 5 13.2 
1942 7 7 18.9 
1943 31 a 9.7 
1944 Pay } 16.0 
1945 10 S 20.0 
1946 33 } i. 
; 1947 24 ] 4.2 
| 1948 l 
Total 318 58 18.2 7 
Le 
» TABLE II. SEASONAL VARIATIONS OF INCIDENCE AND MORTALITY 
OPERATIVE PER CENT 
: SEASONS CASES PER CENT DEATHS MORTALITY 
Winter 63 19.8 18 28.6 
Spring 92 28.9 1] 12.0 
Summer 83 26.1 12 14.5 
Autumn SO 9 Be 17 21.3 
Total 318 100 58 18.2 
TABLE III. VARIATIONS OF AGE AND MORTALITY 
POST PER CENT 
AGES IN OPERATIVE OPERATIVE OPERATIVE TOTAL TOTAL PER CENT 
YEARS CASES DEATHS MORTALITY CASES PER CENT DEATHS MORTALITY 
0 to 9 0 0 0.0 l 0.3 l 100.0 
10 to 19 } 0 0.0 } 1.1 (0) 0.0 
20 to 29 1S 3 6.3 tS 13.3 5 6.3 
30 to 39 71 6 8.5 73 20.2 S 10.9 
10 to 49 76 is 17.1 S+ Zo.e 2) 25.0 
50 to 59 70 15 21.4 S1 22.4 26 32.1 
60 to 69 3o4 12 So.3 19 La 27 5 al 
70 to 79 14 q 64.3 19 5 Pre 14 Lot 
SO to S89 l () 0.0 3 Q).8 2 66.7 
Total 318 58 18.2 362 100 102 28.2 


Past History.—It is usually difficult to obtain a good history from a pa- 
tient so acutely ill as these, and perseverance does not always win. <A patient 
who has a second perforation often makes his own diagnosis. T'ifteen patients 
(4.1 per cent) were encountered who had had previous perforations; one had 
had two. Fifty-one patients apparently had been in good health with no 
symptoms and no knowledge of having a peptie ulcer until perforation. His- 
tories of symptoms compatible with peptie ulcer were obtained from 228 pa- 
tients, and in an additional 70 the symptoms were referable to the upper 
gastrointestinal tract, but were rather atypical for peptie ulcer. 

The duration of symptoms varied widely from several days to thirty- 


seven years. Approximately one-third gave histories of less than one year’s 





duration. Another third dated their symptoms for one to five years, and the 
remaining third had symptoms for longer than five years. 
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A history of bleeding in the form of hematemesis or melena was obtained 
from 89 patients, the latter having been more common. Hematemesis occurred 
with the perforation in 21 patients and of these, 7 were massive. Only 2 of 
the latter recovered. 
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Fig. 1.—Ages and mortality. 










No Atypical 
History History 
14.6% 20.1% 


Previous 
Perforation 








Typical History 


65.3% 


Fig. 2.—History of peptic ulcer. 


Onset of Present Illness.—The patient’s activity at the time of the perfora- 
tion was about equally divided between rest and some kind of exertion. 
There were 65 who were actually lying down at rest or asleep and 27 were 
known to have been engaged in some activity involving abdominal strain 
such as carrying a heavy load or straining at stool. In contradistinetion to 
those in whom the intra-abdominal pressure was raised by abdominal muscle 
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contraction, the pressure was directly increased by increasing the intraluminal 
pressure in those patients whose perforations followed meals or the drinking 
of carbonated beverages. It was noted that 46 patients had been drinking 
beer soon or immediately before the perforation. Other aleoholie and ear- 
bonated beverages preceded 12 more; 5 perforations followed a barium meal 


within twelve hours. Exclusive of drinking, it was reasonably well stated 
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Fig. 3.—Duration of symptoms. 
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Fig. 4.—Time of day of perforation. 


that 60 perforations occurred on an empty stomach and 45 soon after a meal. 
When the base of an actively penetrating ulcer becomes separated from the 
peritoneal cavity by merely a thin layer of peritoneum or fibrous tissue, not 
much change in pressure, motility, or acidity should be necessary to cause the 
complete break-through. 

Late in the afternoon, the time of day soon before dinner and several 
hours after lunch, seemed to be the most common time for perforations to 
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TABLE LV. VARIATIONS OF HISTORIES 


NUMBER OF 


HISTORY PATIENTS 
Typical 228 
Atypical 70 
No history 51 
fotal known histories 349 


TABLE V2 DURATION OF SYMPTOMS OF PEPTIC ULCER 


NUMBER OF 


DURATION OF HISTORY PATIENTS 
Less than 1 week 13 
1 week to 1 month 31 
1 month to 1 veal a0 
1 vear to 5 vears 4 
» to 10 years 13 
10 to 2O vears oo 
“0 to 30 vears 13 
ou to 40 years 3 
Total known durations 285 


TABLE VI. Ilistory of Bleeding 


NUMBER OF 


HISTORY PATIENTS 
History of melena 61 
History of hematemesis 16 
Hematemesis with perforation 21 
Massive hematemesis with perforation 7 
History of bleeding So 

TABLE VII. ACTIVITY AT TIME OF PERFORATION 


NUMBER OF 


ACTIVITY PATIENTS 
Lying in bed 65 
Idle or sitting in a e¢hatir 35 
Mild activity S7 
Activity with definite strain 27 
Total known activities 214 
Following alcoholic or carbonated beverages D8 
Following barium meal 2 


TABLE VIII. TIME OF DAY OF PERFORATION 


NUMBER OF 


TIME PATIENTS 
12 Midnight to 3 A.M. 30 
3. A.M. to 6 A.M. 14 
6 A.M. to 9 A.M. 27 
9 A.M. to 12 noon 12 
12 noon to 3 P.M. 36 
3 P.M. to 6 P.M. 77 
6 P.M. to 9 P.M. a1 
9 pM. to 12 midnight $4 


Total known 


Ch 


3Q). 
16. 
H(), 


100 


16. 


PER CENT 
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occur, The most uncommon time was 5 A.M., a time when most people (inelud- 
ing alcoholics) are at rest, and usually the time of day when free gastric acidity 
is at its lowest ebb. 

The majority of the patients gave a typical history of sudden onset of 
severe epigastric pain. The pain was epigastric or generalized in 329 (90.9 
per cent), and among these the right lower quadrant was specifically included 
in 1) instances. The right upper quadrant was predominant in 24 and the 
left upper quadrant, in 2.) The pain was apparently solely in the hypogastrium 
in 25 patients (6.9 per cent), and of these was mostly in the right lower 
quadrant 19 times, the left lower quadrant once. Eight patients (2.2 per cent), 
who were either senile or already suffering from an advanced disease, died 
without ever Complaining of pain. 

Referral of pain to one or both shoulders from diaphragmatie irritation 
by gastric contents was found in 150 patients (65.8 per cent), and was stated 
to be absent in 78.) Referral of pain to the penis, apparently from irritation 
of serosa overlying the ureter and urinary bladder, was present in 7 
(1.9 per cent). 

Nausea and vomiting followed the onset of pain in 215 patients (63.2 
o> 


per cent), and was stated to be absent in 125. 





Because of the severity of the pain, most patients presented themselves 
early in the disease (about one-half within six hours), and fortunately so, 
hbeeause the mortality climbed rapidly with the number of hours before admis- 


sion, thereby delaying surgical treatment. 


TABLE IX. NUMBER OF HOURS OF DURATION OF PERFORATION BEFORE ADMISSION AND 
MORTALITY 


NUMBER OF POST PER CENT 
HOURS BEFORE OPERATIVE OPERATIVE OPERATIVE TOTAT, PER CENT 
ADMISSION CASES DEATHS MORTALITY CASES PER CENT DEATHS MORTALITY 
0 to 6 204 19 9.3 207 57.2 22 10.6 
6 to 12 66 16 24.2 67 LS.5 17 25.4 
12 to 24 22 10 15.4 a0 6.9 13 52.0 
Over 24 13 6 16.1 29 8.0 22 (GS) 
Undetermined 6 12 5 6 90.0 
Hospital patient 7 7 100.0 22 6.1 22 100.0 
Total 318 DS 18.2 362 100 102 28.2 


It is unfortunate, but interesting, to note that 22 perforations occurred 


in persons while they were patients in the hospital, and that all 22 patients 
died. Seven were reeognized as surgical emergencies, but closures were at- 
tempted too late. A few others were recognized, but the patients’ physical 
conditions were then too poor to permit operation. The remainder of the per- 
forations were unsuspected and were discovered at autopsy. Several, how- 
ever, could not have been diagnosed because they apparently had been terminal 
events of other diseases. 


| 


Eramination.—The temperature, pulse, respiration, blood pressure, and 
white blood cell counts were recorded shortly after admission to the hospital 
in nearly all instanees. The temperatures were relatively normal during the 
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TABLE X. VARIATIONS OF LEUCOCYTOSIS AND MORTALITY 


NUMBER OF PER CENT 
W.B.C. PATIENTS PER CENT DEATHS MORTALITY 
Less than 5,000 } 1.2 5) 75.0 
5.000 to 10,000 5S 17.¢ 19 32.8 
10,000 to 15,000 115 33.7 32 27.8 
15,000 to 20,000 gy 29,0 22 eee 
Greater than 20,000 65 19.1] S 12.3 
Total white counts 341 LO00 


first six hours after perforation, only about 21 per cent having been definitely 
subnormal. They were found to climb gradually with the hours as bacterial 
peritonitis developed. More than one-half of the temperatures recorded after 
twenty-four hours were over 100° IF. Some of those patients with a nearly 
normal temperature after twenty-four hours could possibly have had spon- 
taneous sealing and have been escaping infection, but in others it repre- 
sented a terminal fall. 

The pulse and respiratory rates also began normally and tended to rise 
with the temperature and duration of perforation. After twenty-four hours, 
greater than one-half the pulse rates were over 100, and respiratory rates, 
over 30. 

Blood pressures apparently varied with the individual. As has been 
pointed out numerous times, the patient appears to be in a shocklike state with 
prostration, and pale, cold, clammy skin, but without a lowered blood pressure. 
Only 11 patients (5 per cent) entered with systolic pressures below 80, mostly 
when after twenty-four hours, and the mortality of these was 72.7 per cent. 

The white blood cell counts were moderately elevated between 10,000 
and 20,000 in most eases. It was noted that the higher the count, the better 
the prognosis. 

Thus, after twenty-four hours, the more ominous signs included an ele- 
vated or subnormal temperature, a rapid respiration, a low blood pressure, 
or low white count. 

Diastase.—Determinations of blood diastase activity, to eliminate the pos- 
sibility of acute pancreatitis, were obtained in about one-third of all cases and 
were found to be normal in 97.5 per cent of these. The remainder were mod- 
erately elevated between 600 or 800 units. 

Pneumoperitoneum.—Roentgenograms were taken to demonstrate free air 
within the peritoneal cavity in 90.5 per cent of all cases, only those with er- 
roneous diagnoses escaping. Within six hours after perforation 63.5 per cent 
had demonstrable free air, and after six more hours the x-ray views were posi- 





TABLE XT. VARIATIONS OF PNEUMOPERITONEUM AND DURATION OF PERFORATION 


DURATION OF PERFORATION NUMBER OF NUMBER WITH 


(IN HOURS ) PATIENTS FREE AIR PRESENT PER CENT 
Less than 6 — 184 41107 ©6385 
6 to 12 78 70 89.7 
Greater than 12 39 30 85.7 
Undetermined 26 16 
~ otal number of x-ray views 323 233 Zi 0 2 
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tive in 89.7 per cent. A slight decrease after twelve hours is possibly ex- 
plained by resorption in a few cases. 

An increase in mortality with the presence of free air was present, and 
was partially, if not wholly, explained by the increased mortality with the 
longer duration of perforation. The operative mortality increased from 14.8 
per cent of those without free air, to 20.2 per cent of those in whom it was 
present. 

Palpation.—Palpation of the abdomen within the first six hours revealed 
the familiar ‘‘board-like,’’ involuntary rigidity in 98.6 per cent of cases, but 
it was not such a constant finding as time elapsed and the initial chemical 
peritonitis abated. After twenty-four hours it was present in less than one- 
half the cases (44.8 per cent); it was then often described as ‘‘voluntary”’ 
rigidity. Dy this time either distention was developing from ileus and bae- 
terial peritonitis, or the peritoneal irritation was disappearing, apparently 
after a spontaneous sealing off of the perforation. Tenderness to some degree 
was almost always elicited. 

Percussion.—Mention of liver dullness was found in comparatively few 
charts. Its obliteration usually corresponded to x-ray evidence of the larget 
amounts of free air in the peritoneal cavity. 

Auscultation.—Auseultation for bowel sounds was earried out in two- 
thirds of the patients, and they were noted to be absent in 79.2 per cent of 
these. These findings were slightly more common within the first six hours 
(S1.8 per cent). They were considered as being hypoactive in 13.8 per cent. 

Errors in Diagnosis—Ineluding the diagnosis of ‘‘perforated viscus,’’ a 
correct diagnosis of acute perforation was made in 321 of the 562 eases for an 
11.3 per cent error for the disease. Of the 318 operative cases, the preoperative 
diagnosis was correct in 506 for a oS per cent error for the disease. Acute 
appendicitis was the most common erroneous diagnosis, Which was followed by 
acute cholecystitis. 

Thirty-six patients without the disease were operated upon with a pre- 
operative diagnosis of perforated ulcer. Therefore, the preoperative diagnosis 
of perforated uleer was made correctly 506 times and incorrectly 36 times for 
a total of 342, a 10.5 per cent error in diagnosis. The most common disease 
mistaken fora perforated ulcer was acute appendicitis, and the next was acute 


cholecystitis. 
TABLE XIT. ERRORS IN DIAGNOSIS OF ACUTE PERFORATIONS 


NUMBER OF 


DIAGNOSES PATIENTS PER CENT 
Correct _ 32] 88.7 
Unsuspected 16 4.4 
Acute appendicitis 1] 3.0 
Acute cholecystitis 5 1.4 
In doubt | Ea 
Intestinal obstruction 2 0.6 
Carcinoma of stomach 2 0.6 
Bleeding peptie ulcer l 0.3 


Total 
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TABLE XIITL. OTHER DISEASES DIAGNOSED AS ACUTE PERFORATIONS 


NUMBER OF 


DISEASES PATIENTS PER CEN' 

Correct 306 89.5 
Acute appendicitis 7 2.0 
Acute cholecystitis 6 1.8 
No perforation 6 1.8 
Acute pancreatitis | 1.2 
Traumatic rupture of bowel } LZ 
Carcinoma of sigmoid with perforation 2 0.6 
Foreign body perforation of ileum 2 0.6 
Right lower lobe pneumonia l 0.8 
Mesenteric thrombosis l 0.3 
Intestinal strangulation l 0.3 
Peritoneal carcinomatosis l 0.5 
Twisted ovarian cyst ] 0.8 
Total 342 100 


Hours Before Operation.—DBeeause of the severity of the pain, most of 
the patients entered the hospital early in the disease, and the diagnosis was 
made without difficulty in the majority. The vounger patients were operated 
upon more promptly: 50 per cent of the teen age group, 40 per cent of the 
20 year, 30 per cent of the 30 year, and only 20 per cent of the following age 
eroups were operated upon within six hours after perforation. The increased 
mortality of the aged patient was partially explained by the delay in present- 
ing himself and the usually less typical history and physical findings, all of 
which contributed to a longer time interval before diagnosis and operation. 
The mortality increased from 5.8 per cent when the perforation was of less 
than six hours’ duration to 54.5 per cent, when the operation was performed 
after twenty-four hours. 


TABLE XIV. NUMBER OF HOURS OF PERFORATION BEFORE OPERATION AND MORTALITY 


PER CENT 
NUMBER OF HOURS OPERATIVE OPERATIVE 
BEFORE OPERATION CASES PER CENT DEATHS MORTALITY 
Less than 6 S6 27.0 5 3.8 
6 to 12 160 50.3 22 37 
12 to 24 $7 14.8 19 10.4 
Greater than 24 22 6.9 12 54.5 
Indeterminate > 0.9 0 
Total 318 100 58 18.2 


Onee the diagnosis was made and the patient was prepared with intrave- 
nous fluids or blood to tolerate surgery, an exploratory laparotomy was carried 
out. <All operations were done by the house-officers, a total of 61 men during 
the ten-year period, 





XV. 





TABLI VARIATIONS OF ANESTHESIA AND MORTALITY 





OPERATIVI 





P 





ER CENT OPERATIVE 








ANESTHESIA CASES DEATHS MORTALITY 
General 66 8 a 
Spinal 198 28 14.1 
Spinal plus general 10) 1] A eT 
Local 9 7 11.8 
Local plus general 2 2 100.0 
Unknown 3 2 


Total 318 OS 18.2 
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Anesthesia—The selection of anesthesia depended upon the patient’s 
condition and the surgeon’s choice of available anesthesia. .A general or a 
spinal anesthesia, which did not need supplementation, produced about equal 
results. Hf, however, the spinal was inadequate in duration of time or level 
of anesthesia and a general anesthesia was found necessary for supplementa- 
tion, the mortality rate was twice as high. Each has its advantage and dis- 
advantage which cannot be discussed here, although it might be mentioned that 
endotracheal anesthesia is gaining in popularity at St. Louis City Hospital. 
The reason local anesthesia made such a poor record was undoubtedly be- 
eause it had been reserved for the poorest risk patients. 

The choice of incision varied with the particular surgeon’s favorite in- 
cision, and with the degree of certainty of the diagnosis. When MeBurney 
incisions were made because of an erroneous diagnosis, they were closed and 
epigastric incisions were made. 

Upon entering the peritoneal cavity, varying amounts of free air and 
free fluid, the deseriptions of which depended upon the food contents and 
duration of the perforation, were encountered. 
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Fig. 5.—Locations of perforated peptic ulcers. 


Location.—The majority, 60.8 per cent, of the perforations were on the 
anterior surface of the first portion of the duodenum. Because of the dis- 
tortion of the anatomy from searring and edema, many of those deseribed as 
‘pyloric’? or as being just beyond the pylorus on the gastrie side were 
actually in the duodenum. In several cases this error was corrected at au- 
topsy or by biopsy which showed Brunner’s glands. Perforations of gastric 
uleers constituted 24.6 per cent. The operative mortality of the latter was 
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24.1 per cent as compared to 16.4 per cent for duodenal perforations. This 





may be partially explained by the fact that the gastric perforations tended 
to oceur in older individuals. A few perforations of ulcers of the posterior sur- 
face into the lesser omental sac, of the second portion of the duodenum, and of a 
gvastrojejunal stoma were encountered. There was one ease in whieh two 
simultaneous perforations of gastric ulcers occurred. One perforation of a 
peptie uleer in a Meckle’s diverticulum was proved by excision of the divertie- i? 
ulum and demonstration of gastrie glands. Two other cases of perforation in 
the terminal ileum were believed also to be from aberrant gastrieé mucosa. 
Of the cases, 2.2 per cent were perforations of carcinomas of the stomach, and 


their operative mortality was 80 per cent. 


TABLE XVI. VARIATIONS OF LOCATION OF ACUTE PERFORATIONS AND MORTALITY 











PER CENT 
OPERATIVE OPERATIVE TOTAT 
LOCATION CASES DEATHS MORTALITY CASES PER CENT 
Stomach 
Greater curvature } 2 66.7 | 1.1 
Lesser curvature 17 5 29.4 19 5904 
Mid-portion Ss 5 62.5 1] 0) 
Posterior surface l l 100.0 I 0.3 
Gastric side of pylorus D4 7 3.0) 4 14.9 
Total gastric 83 20) 24.1 SY 24.6 
— Py lorie’? oe | oi 6 es S.S 
Duodenum 
First portion, anterior 19] 31 16.2 220 60.8 
Posterior surface ] l 100.0 5 1.4 
Second portion 3 (0) 0.0 { ee 
Total duodenal 195 32 16.4 229 63.3 
Gastrojejunal stoma | 0 0.0 l 0.3 
Terminal ileum ( Meckle’s 2 l 50.0 3 0.8 
Carcinoma of stomach 5 } 80.0 S B.2 
Total 318 58 18.2 362 100 





Size-—Perforations of gastric ulcers tended to be slightly larger than 
those in the duodenum, although the majority of both were less than 5 mm. 
in diameter. The operative mortality, however, was 14.4 per cent for the 
smaller perforations and 33.5 per cent for those larger than 1 em. 

Biopsies were taken in 20.8 per cent of all perforations and were positive 


for ecareinoma in 75 per cent of the gastrie carcinomas. 













Treatment of Perforation.—Most of the perforations were treated with 
simple closures, and these were effected in three ways: purse-string suture, 
interrupted sutures, both either with or without reinforcement with omentum, 
and simple tying of omentum over the perforation as a free or living omental 
sraft. The operative mortality following the latter closure was only 6.9 per 
cent. The few remaining methods of treatment included pyloroplasty, gastro- 
jejunostomy, and subtotal gastrectomy, but these were in selected cases and 
were too few in number to permit any conclusions. 
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TABLE XVII. 





,H 


AND SMALL 


OPERATIVE 


BOW EL 


ULCERATIONS 


METHODS OF TREATMENT OF PERFORATION AND MORTALITY 


PER C 





415 


ENT 


OPERATIVE 





TREATMENT CASES PER CENT DEATHS MORTALITY 
Simple 
Purse-string suture 136 13.2 24 17.6 
| Interrupted sutures 78 24.8 19 24.4 
Omental graft 87 27.6 6 6.9 
¥ Total simple closures 30] 95.6 49 16.3 
Simple closure of carcinoma 5) 1.6 4 80.0 
Pyloroplasty » 0.6 1 50.0 
Subtotal gastrectomy 2 0.6 0 0.0 
Simple closure plus gastrojejunostomy 2 0.6 l 50.0 
Purse-string suture of ileum I 0.5 l 100.0 
Excision and suture of Meckle’s l 0.3 0 0.0 
Perforation not found at laparotomy l 0.3 l 100.0 
Total known 3L5 L100 ay | 18.2 


Culture. 


thirds of the cases, and 42.5 per cent were reported as sterile or as growing 


Cultures of the peritoneal fluid were taken at operation in two- 
veast or fungus, which were considered contaminants. The operative mortal- 
ity in these cases was 7.7 per cent, while it was 24.5 per cent for the 30.2 per 
cent in which streptococci were cultured, and 54.5 per cent for the 4.5 per 
cent in which Bacillus coli were cultured. Cultures from perforations older 
than twelve hours were more likely to be positive than those less than twelve 
B. 


upper gastrointestinal tract, was found five times more often in the older per- 


hours. coli, the only organism not found normally in the respiratory and 


forations. 


TABLE XVIII. VARIATIONS OF CULTURE, DURATION OF PERFORATION, AND MORTALITY 


NUMBER NUMBER 


LESS THAN PER MORETHAN PER PER PER 

CULTURE 12 HOURS CENT 12 HOURS CENT TOTAL CENT DEATHS CENT 
Sterile SY $9.4 15 23.1] 104 42.5 8 bak 
Diphtheroids 10 5.5 2 5 al 12 4.9 2 16.6 
Staphylococci 25 13.9 12 18.5 | 15.1 7 18.9 
Streptococci 50 yg ee: 24 37.0 74 308 1S 24.3 
Pneumococei e. 1.1 4 hak sf 2.9 2 28.6 
B. coli } 2.2 7 LO.S 11 £.5 6 54.6 
Total ISO LOO 65 LOO 245 LOO 43 17.5 


TABLE XIX. VARIATIONS OF WOUND HEALING, DRAINAGE, AND DURATION OF PERFORATION 


NUMBER NUMBER 
PER CENT INFECTED PER CENT DISRUPTED PER CENT 


NUMBER OF 


DRAINAGE PATIENTS 


Closed without drainage 168 59.8 32 19.1 } 2.3 
Drainage through stab wound 94 33.4 34 36.2 3 3.2 
Drainage through incision 19 6.8 9 17.4 2 10.5 
DURATION OF PERFORATION 
(1N HOURS) on 
Less than 6 7 83 13 ney ] 1.2 
6 to 12 148 39 26.3 5 3.4 
12 to 24 5 5 15 42.9 2 5.7 
Greater than 24 15 8 Done l 6.7 
Results of healing known 281 100 75 26.7 i) 3.2 
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Wounds. 


Perc entag e 


Percent of Operative Cases 


when localized pus is present. 


feetions was doubled. 
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All incisions are now being closed without drainage, except 


was brought out through the wound. 


to 535.3 per cent after twenty-four hours. 




















Wound infections increased with the 


drained, mostly through a stab wound in the right flank. 























Several years ago, however, the majority were 
Of all the operative 
eases, 40.2 per cent were drained, and in these the percentage of wound in- 


Wound disruptions were most common when the drain 


duration of perforation, increasing from 15.7 per cent within the first six hours 
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Duration of Perforation in Hours before Operation 


7-—Common complications and duration of perforation. 
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Complications.—Postoperatively the patients were maintained on paren- 
teral fluids and continuous Wangensteen suction. Antibiotics and other med- 
ications were variably administered according to necessity. Exeluding wound 
infections, 62.3 per cent of the operative cases were uncomplicated. When 
the patients were operated upon within six hours, 75.6 per cent were uncom- 
plicated, and after twenty-four hours, only 27.5 per cent. Persistent purulent 
peritonitis was considered a complication when it was believed to have caused 
the death of the patient, otherwise peritonitis was not considered a compliea- 
tion, since it was present in all to varying degrees. Pulmonary complications 
were most common, having occurred in 17 per cent. Undoubtedly, there were 
many more in the form of small pleural effusions and atelectases which were 
undiagnosed, Intraperitoneal abscesses developed in 5.8 per cent of the 
patients operated upon within six hours, and in 22.7 per cent of those operated 
upon after twenty-four hours. In these cases 88.5 per cent of the peritoneal 
fluid cultures taken at the time of operation were positive. There were, how- 
ever, no complications in 51.9 per cent of the positive cultures, but 22.1 per 
cent of them did develop intraperitoneal abscesses. Of the patients who de- 
veloped subdiaphragmatice abscesses, 65 per cent had had drainage at the time 


of operation. 


TABLE XX. VARIATIONS OF COMPLICATIONS AND MORTALITY 


OPERATIVE PER CENT 
COMPLICATIONS CASES PER CENT DEATHS MORTALITY 
None 198 62.3 
Pulmonary o4 17.0 19 te 
Intraperitoneal Abscesses 
Subphrenic ie 5.3 8 tr 
Right gutter 3 0.9 2 66.7 
Pelvie 1] 3.5 2 18.2 
Total intraperitoneal abscesses 3] 9.7 12 38.7 
Persistent purulent peritonitis 29 9.1 29 100.0 
Wound disruption 9 2.8 2 22.2 
Delirium tremens | | Pe ) 0.0 
Uremia 4 L3 3 75.0 
Parotitis 3 0.9 2 66.7 
Pyloric obstruction requiring gastro } 0.9 l sare 
enterostomy 
Exsanguination 3 0.9 3 100.0 
Cardiac decompensation 2 0.6 | 50.0 
Cirrhosis of liver l 0.3 l 100.0 
Undetermined ‘i } 
Total number of complications 348 77 
More than one complieation 30 9.4 19 63.3 
Total 318 100 58 18.2 


Postoperative Studies —During their convalescence, 84 patients were ex- 
amined with a barium meal, and the ulcer was demonstrated in 86.9 per cent 
of them. Sixty-three patients were subjected to gastric analyses and only 
39.7 per cent were found to have hyperacidity at that time. 

Follow-up: Unfortunately, the follow-up of most of the 260 surviving pa- 
tients is poor and entirely missing in many. Subtotal gastrectomies have been 
performed subsequently for various reasons in 30 of the cases, with a post- 
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operative mortality of 13.5 per cent. An attempt will be made to contact as 
many of these patients as possible, and to report at a later date a summary 
of their present gastrointestinal conditions. 


SUMMARY 

In this report 362 consecutive cases of acute perforation of stomach and 
small bowel ulcerations, occurring during the past ten years at St. Louis City 
Hospital, have been summarized. Of these, 318 patients were treated sur- 
gically, and the operative mortality was 18.2 per cent. 

More perforations occurred during the spring and fewer during the 
winter, when the mortality was twice as high. Between 5 and 6 p.m. was the 
most common time of day for the operation to occur, and 5 A.M. was the most 
uncommon. 

The majority of the patients (95.5 per cent) were men. Patients between 
40 and 50 years of age were most prevalent. The mortality increased with 
age from 0 per cent in the teens to 73.7 per cent in the 70-year age group. 

Histories of symptoms referable to the upper gastrointestinal tract were 
obtained in 85.4 per cent, and there was no history in the remainder. When 
present, the duration of symptoms was equally divided among less than one 
vear, between one and five years, and longer than five years. In 24.6 per cent 
there was a history of either hematemesis or melena. 

The pain of the majority was severe and sudden in onset, and was epigas- 
trie in 90.9 per cent. Referral of pain to the shoulder was present in 65.8 per 
cent of patients. The perforation was accompanied by nausea and vomiting in 
63.2 per cent ; 5.8 per cent vomited in varving amounts. 

The admission temperatures, pulse, and respiratory rates were relatively 
normal in early perforations, but were found to increase with the duration 
of time after perforation. 

Most white blood cell counts were between 10,000 and 20,000. The mortal- 
ity increased from 12.5 per cent of those with a leucocytosis over 20,000 to 
75 per cent of those with a leucopenia less than 5,000. 

Diastase activity was relatively normal in all instances. 

Pneumoperitoneum was demonstrable in 72.1 per cent of cases. 

Involuntary abdominal rigidity was present in 98.6 per cent of the early 
perforations but was present in less than one-half of those over twenty-four 
hours old. Bowel sounds were absent in 79.2 per cent of the eases and hypo- 
active in most of the remainder. 

The most common erroneous diagnosis was acute appendicitis, followed 
by acute cholecystitis. 

Of the patients, 77 per cent were operated upon within twelve hours 
after perforation. The mortality increased from 5.8 per cent, when within 
six hours, to 54.5 per cent, when after twenty-four hours. 

Best results were obtained with general anesthetics, but an adequate 
spinal was found equally satisfactory. 

Of the perforations, 60.8 per cent occurred in uleers on the anterior sur- 
face of the first portion of the duodenum, and 24.6 per cent qecurred in the 
stomach. 
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Simple closure of the perforation with an omental graft was the most sat- 
istactory method of treatment, the mortality of these patients having been 
only 6.9 per cent. 

Within twelve hours after perforation, one-half of cultures of the perito- 
neal fluid were sterile, but as time elapsed the positive cultures increased in 
number. 

Of the wounds closed with drainage, 36.2 per cent became infected, while 
19.1 per cent of those closed without drainage became infected. Wound in- 
feetions rose from 15.7 per cent after early operations to 53.5 per cent follow- 
ing operations after twenty-four hours. 

Excluding wound infections, pulmonary complications were most common, 
having occurred in 17 per cent of the operative eases. Intraperitoneal ab- 
scesses developed in 9.7 per cent of the patients and were more common when 
an attempt had been made to drain the peritoneal cavity, and when the op- 


eration had been performed after twelve hours. 


CONCLUSIONS 


The duration of time from perforation to operation seemed to be the most 
important factor in influencing the prognosis. As time elapsed, increased soil- 
age of the peritoneal cavity and bacterial infection occurred, and dehydration 
and electrolyte imbalance increased. Therefore, the most effective treatment 
consisted of correction or prevention of electrolyte imbalance and surgery as 
soon as possible to close the perforation with an omental graft and to close 
the incision without drainage. 
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RESTORATION OF GRASPING FUNCTION FOLLOWING LOSS 
OF ALL FIVE DIGITS 


BRADFORD CANNON, M.D., Boston, Mass., WALTER C. GRAHAM, M.D., SANTA 
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pe of all five digits in one or both hands due to freezing, burn, or other 

trauma is an extremely crippling deformity. Some grasping function of 

the hand may be restored by the elongation of the thumb and the formation of 

a cleft between the stumps of the thumb and the middle finger, that is between 

the first and third metacarpals. This is dependent on there being movement at 

the articulation of the first metacarpal with the greater multangular bone. 
TECHNIQUE 

Closure of the unhealed stump of the hand is done with either a free skin 
graft or a direct flap. If already healed with sear epithelium a flap may still 
be necessary for better coverage, but the skin of the palm and dorsum may be 
sufficiently loose to allow closure over the end. As in all deep work suecess 
depends on having surface tissue that is capable of firm and permanent healing. 

Elongation of the thumb is indieated if the bony stump of the thumb is 
shorter than that of the index finger. To do this, the head of the second 
metacarpal is transplanted over the end of the first metacarpal. This sometimes 
increases the length of the thumb by 2 em. The procedure is carried out through 
a dorsal incision so placed that it can be used again at the time the cleft is 
created. The shaft of the second metacarpal is cut across a little proximal to 
the level of the end of the first. The reminder of the shaft is removed leaving 
the base to prevent collapse of the metacarpal arch. After carefully dissecting 
off the skin from the stump of the first metacarpal, the end of the bone is 
squared off, freshened, and displaced over in line with and behind the head of 
the second metacarpal. The bones are fixed in position with minimal angulation 
using a Kirschner wire passed through the end of the second metaearpal into the 
shaft of the first. 

The formation of a cleft is the final proeedure and is done after there is 
vood bony union. The skin between the first and third metacarpals is opened 
preserving a dorsal rectangular flap with the base proximally. By blunt dis- 
section of the tissues in the cleft, the nerves can be saved and the thenar muscles 
displaced backward. The flap is then sutured across the base of the cleft and 
the raw surfaces on the sides covered with a thick split free skin graft. 

If the bony elongation is not done, as for example when there is no extra 
length to gain from the second or when there remains a short stump of thumb, 
the cleft is made in a single stage removing the second metacarpal at the same 


time. 


teceived for publication, May 25, 1948. 








ca {oh SR 


Sales ae 








CANNON ET AL.: RESTORATION OF GRASPING FUNCTION 42] 


at 5 eRe aR 


ofthe ebb 


«cial baal 








Fig. 1.—Stump of hand resurfaced with direct abdominal flap. Head of second metacarpal 
was transplanted over the end of the first and held with a Kirschner wire. Clefting of the hand 
was completed with direct flap transposed across the base of the cleft and free skin grafts to 
cover the sides. 








SURGERY 


COMMENT 


Long ago (1837) Sir Charles Bell said that the child at the zoo marveled 
at the working of the elephant’s trunk, but that he could better look down at 
his own hand and marvel about the approximation of the thumb and the fingers. 
Their function was said to be the most distinguishing human anatomical feature. 
In restorative surgery of the hand, the pioneer and continued work of Kanavel, 


Fig. 2.—High altitude freeze. All fingers and both thumbs were lost. Since the patient was 
practically blind from freezing of face and eyes, restoration of grasping function and preser- 
vation of sensation were most important. Unhealed stumps of hands were dressed in free skin 
grafts. Grafts were later excised and the skin of the palm and dorsum was closed over the ends. 
The left thumb was elongated by transplanting the second metacarpal head preliminary to cleft- 
ing of the hand. Clefting of the right hand was completed by excising the shaft and head of 
the second metacarpal without preliminary elongation of the thumb since the first and second 
metacarpal were of almost equal length. 


Koch, Mason, and Bunnell will always provide a stimulus to workers in this 
important phase of surgery. The restorative procedure described here is an 
example of substitution by surgery for a lost function; the results are erude 
in comparison with the original but supply an element of that ‘‘most dis- 
tinguishing anatomical feature.’ 


By this method good motion of the thumb and development of considerable 


streneth can result. The hands are converted from ineffectual stumps into 


useful members for grasping and for holding utensils, tools, ete. No longer 
must the person be fed, dressed, and depend completely on other hands. Also 
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by this method normal sensation in the functioning part of the hand is pre- 
served whereas elongation of a digit by a tubed flap results in an anesthetic 
stump which may or may not regain sensation. By utilizing the head of the 
second metacarpal to elongate the first and by later creating a cleft between the 
first and the third metacarpals, an anesthetic tubed flap is unnecessary. Sensa- 
tion develops in a matter of weeks in the skin grafts, but takes longer when a 
flap is used to cover the end of the hand. There has been no change in sensation 
observed in the normal skin following operation. 





Fig. 3.—High altitude freeze. All fingers and thumb of the left hand and several fingers 
of the right hand were lost. Scar epithelium on the stump of the left hand was replaced with 
direct abdominal flap. Open stumps of fingers of the right hand were closed with skin grafts. 
Adhesions between fingers were severed and grafted. The left thumb was elongated by trans- 
planting the second metacarpal head preliminary to clefting of the hand. 


SUMMARY 


A method for restoring an effective grasping function to a hand erippled 
hy the loss of all five digits is presented. 

Elongation of the thumb and elefting of the hand are aecomplished with- 
out disturbing normal sensation in the functioning part of the hand. 
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THE DIAGNOSIS OF LESIONS OF THE BREAST 


W. T. Firs, Jr... M.D... ANd J. G. DonaLp, M.D... Pumapeteuta, Pa. 


(From the Harrison Department of Surgical Research, Schools of Medicine, University of 


Pennsylvania and the Surgical Clinic of the Hospital of the University of Pennsylvania) 


HE recent widespread dissemination of information about cancer, by press, 

radio, and pamphlet is making the lavman inereasingly **eancer conscious.” 
A growing number of patients are presenting themselves to physicians with 
early cancer or with benign lesions suggestive of cancer for which they need 
treatment or reassurance. One of the organs most frequently concerned is the 
breast, where pain is common and where lumps ean be readily discovered by the 
patient. 

It is probable, therefore, that the average physician's practice today con- 
tains a larger percentage of patients with early eanecer of the breast and small 
benign lesions suspicious of cancer than it did five years ago. Such a shift in 
the incidence of various breast lesions increases the physician's difficulties, He 
must advise a growing number of apprehensive patients with questionable 
lesions not easily diagnosed by history and physical examination. He must 
confidently reassure a growing number of patients with nonexistent lesions who 
have developed cancer phobia. How accurate are the present diagnostic teeh- 


niques for breast lesions? 





We have reviewed the records of 250 consecutive patients with breast lesions, 
not due to infection, referred for surgical consultation to the senior surgeon of 
the Hospital of the University of Pennsylvania during 1946 and 1947. They 
should constitute a representative sample of patients with breast lesions referred 
by their physicians for a surgical consultation. Al] operations were performed 
by the senior surgeon or by one of us, and all pathologic examinations were made 
by Doetor Robert C. Horn, the surgical pathologist of the hospital. 

Our objective in this study was to answer the following questions : 


1. What is the present incidence of various types of breast lesions in a 
representative group of patients referred to a surgeon ? 

2. What is the incidence of early as compared to late cancer in such a 
group? 

3. How accurately can lesions of the breast be diagnosed by (a) physical 
examination, (b) gross examination at the operating table, and (e) frozen 
section ? 

4. What are the early signs of carcinoma of the breast ? 


5. Is aspiration of breast cysts a safe diagnostic and therapeutic procedure ? 


Incidence of Breast Lesions Encountered.—The incidence of the various 
types of breast lesions found in our group of 250 patients is shown in Table I. 
Approximately one-fifth had carcinoma, a higher percentage than would be seen 
by the average practitioner since our group had been screened by referring 
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TABLE I.) FINAL DIAGNOSIS MADE IN 250 PATIENTS WITH BREAST LESIONS 





DISEASE NUMBER PERCENTAGE 
Chronic cystic mastitis 145 58.0 
Careinoma 48 19.2 
Fibro-adenoma 2] 8.4 
Gynecomastia 12 1.8 
Intraductal papilloma i) 3.6 
Miscellaneous 15 6.0 

Total 250 100.0 


physicians. More than one-half the patients had chronic cystic mastitis. Many 
of these were observed on physical examination to have only slight abnormalities, 
but the diagnosis was strengthened by a typical history of pain in the breasts 
during the menses. No attempt was made to divide chronic eystie mastitis 
into the several categories used by some observers. One-fifth of the patients 
with chronic eystic mastitis had cancer phobia, and much of their physieal and 
mental pain disappeared when they were convinced they did not have cancer. 

The average age of the patient was determined for the three largest groups: 
chronic evstic mastitis, cancer, and fibro-adenoma. Patients with fibro-adenoma 
averaged 30 vears; with chronic cystic mastitis, 40 vears; and with caneer, 50 
vears. 

Only twelve patients were males. Nine were boys in puberty or adolescence 
who had generalized hypertrophy of one or both breasts without other obvious 
disease. They were reassured and told that no operation was required unless 
for cosmetic reasons. Three were men over 60 vears with hypertrophy. Opera- 


tion was performed on two in order to rule out eancer. 





Physical Findings.—In formulating our ideas about the diagnosis of breast 
lesions, we have found the concept of the ‘*dominant lump’’ helpful. This term 
is used by Stout* to designate a circumscribed area in the breast different in 
consistency from the rest of the mammary tissue. It takes considerable prac- 
tice to differentiate small thickened or shotty areas from a true dominant lump, 
but with experience the examiner is able to locate them with confidence. 

Among the 250 patients of this series, 170 dominant lumps were discovered. 
Patients without dominant lumps included many with diffuse chronie cystic 
mastitis, several with hypertrophy of the breast, and a few with intraductal 


TABLE IL. PHYSICAL CHARACTERISTICS OF THREE TYPES OF DOMINANT LUMPS 


FIXED | EDEMA 


IRREG ** SLIP TO OF 
DISEASE NO. HARD FIRM ULAR |PABLE’’| SKIN SKIN | TENDER 
Chronie cystic mastitis 69 12 0 60) 2 } 0) 8 
(exclusive of cysts treated 
only by aspiration ) 
Cancer tS 39 D 28 Z 24 i) 0) 
Fibro-adenoma 2] 1] 10 | 13 l 0) l 
Total 134 62 65 SY 17 29 9 9 
*Kinal diagnosis by pathologic examination. The characteristics noted are the most 


striking ones. Totals for each category do not equal the total number of cases, 


*Stout, A. P.: The Technique of Diagnosis of Breast Carcinoma, the Choice of Treatment, 
and the Criteria of Inoperability, Homer G. Phillips Hospital, Tumor Staff meeting, J. Nat. M. 
A. 39 :94-100, 1947. 
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papillomas and miscellaneous lesions. Patients with a dominant lump were 
routinely subjected to operation, and the final diagnosis was made by pathologic 
examination, except in those instances where the aspiration of clear fluid and 
subsequent collapse of the mass afforded definite evidence of a simple eyst. 

Table II shows the physical characteristics associated with dominant lumps 
of three principal types: chronic eystie mastitis, caneer, and fibro-adenoma. 
These dominant lumps total 184 and do not include the breast cysts and miscel- 
laneous dominant lumps. Most of the cancers were deseribed as hard on physi- 
cal examination, while the benign lesions were usually called firm. Almost one- 
half of the cancers were seen before they had become fixed to the skin or deep 
tissues and before edema could be demonstrated. Only one cancer had produced 
uleeration of the skin. A helpful diagnostic sign of the fibro-adenoma was its 
‘*slippability,’’ found in over one-half. Carcinomas and fibro-adenomas were 
characteristically nontender., 


RIGHT LEFT 


MALIGNANT 
17 (35%) —-— 48 ——~ 31 (05%) 
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BENIGN 
59 (50%) 118 





59 (50 %) 





By quadrants : 
MALIGNANT BENIGN 


1 Upper outer RB (58%) 66 (56%) 





2 Upper inner 9 (19%) 32 (22%) 
3 Lower outer 4 (8%! 11 (9%) 


4 Lower inner ? (15%) 9 (8%) 









Totals: 48 118 


Fig. 1.—Location of 166 dominant lumps of the breast. 





The location of the dominant lumps is given in Fie. 1.) Sixty-five per cent 
of the malignant lesions were in the left breast, whereas the benign lesions were 
equally divided. The upper outer quadrants contained over one-half of both 
benign and malignant lesions. 

A bleeding nipple was encountered in 14 of the 250 patients. Although 
9 of these were found to have intraductal papillomas of at least microscopic 
proportions, in only 2 was the lesion discovered by gross pathologie examination. 
Of the patients with a bleeding nipple, 5 (386 per cent) had carcinoma. 

Simple Cysts of the Breast——The proper treatment of simple cysts of the 
breast is controversial. Early in the study we usually advised operation when 


the diagnosis of cyst was made. We later introduced the policy of attempting 
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aspiration of lumps which were thought to be eysts. We found that breast 
evsts large enough for aspiration were rubbery in consistency and smooth in 
outline. Several were tender. When a previous operation had shown eystic 
disease, we felt reassured in resorting to aspiration instead of exploratory opera- 
tion. The clinical diagnosis of breast cyst seemed definite enough in 30 patients 
fo warrant an attempt at aspiration. From 8 of these no fluid could be obtained, 
and the patients were operated upon. In 1 patient a carcinoma was found at 
operation, The remaining 7 patients with ‘‘dry aspiration’’ had benign lesions: 
4, chronie cystic disease without gross cyst formation, and 8, deep-seated fibro- 
adenomas. In 22 instances the dominant lump was collapsed by the aspiration 
of clear fluid (average amount 11.0 ¢.e.). Bloody fluid, which we would have 
considered an absolute indication for operation, was obtained in none. 

Twenty of the 22 patients in whom aspiration was done have been followed 
at frequent intervals until the present time, for an average of eleven months. 
In 2 patients the eyst filled again, and a second aspiration was required, In 
the remaining 18 patients no recurrence has been noted. Two of our patients 
were lost to follow-up although strongly urged to return for repeated breast 


examinations. 


TABLE LILI. ACCURACY OF PREOPERATIVE DIAGNOSIS OF 144 ‘‘ DOMINANT BREAST LUMPS’? 
(CORRECT IN 108 INSTANCES OR 75 PER CENT) 


PREOPERATIVE DIAGNOSIS 


CHRONIC PER 
CYSTIC CAR FIBRO CENT 
FINAL DIAGNOSIS TOTALS MASTITIS CINOMA ADENOMA MISC. CORRECT 

Chronic eystic mastitis 69 17 S ] l 72 
Carcinoma 1S 5 38 2 3 79 
ibro-adenoma aa 3 I 17 0 81 
Miscellaneous 10° 2 9 0) 6 60 
Total 144 57 19 28 LO 75 


*Fat Necrosis, 2; galactocele, 1; lipoma, 4; sebaceous cyst, 3. 


Accuracy of Preoperative Diagnosis.—We found that it was usually difficult 
and often impossible to diagnose a small cancer of the breast on physical ex- 
amination. Many errors were made preoperatively in this series of patients. 
Table III offers a comparison of the preoperative and final diagnoses made in 
144 dominant lumps. Approximately one-fourth were diagnosed incorrectly 
on physical examination. Of 48 malignant lesions, 10 were diagnosed preopera- 
tively as benign. A common error was in diagnosing a small cancer as a fibro- 
adenoma. On three oceasions a dominant lump diagnosed lipoma was found at 
operation to be a small carcinoma embedded in fatty tissue. If one adheres to 
the rule of operating on all dominant lumps, a mistake in the preoperative diag- 
nosis is not a serious one. 

Accuracy of Diagnosis at Operation —In contrast to the frequent inae- 
curacy of preoperative diagnosis, a diagnosis made at the operating table by 
gross examination and frozen section was almost always correct (Table IV). 
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In every case where gross examination left the surgeon or surgical pathologist 
in doubt as to the nature of a lesion, quick frozen section examination vielded 
sufficient information to make a correct diagnosis. Radical mastectomy was 
performed in two cases on the basis of a gross pathologic diagnosis although 
the frozen section verdict was equivocal, Both tumors were subsequently proved 
to be carcinomas. 

It is often impossible to determine the presence of carcinoma in axillary 
lymph nodes by physical examination unless the nodes are extensively involved. 
Axillary lymph node metastases were frequently overlooked even on @ross ex- 
amination (Fig. 2). Of the 48 patients with carcinoma of the breast, 23 (47.9 
per cent) were proved to have axillary metastases. Only one-half of these were 
recognized preoperatively ; another one-quarter had metastases of sufficient ex- 
tent to be recognized at the operating table. Just as many incorrect diagnoses 
were made when the axillary nodes were palpably enlarged by a nonmalignant 
process. Of 22 patients thought preoperatively to have axillary metastases, 
only one-half were shown to have lymph node involvement by subsequent study. 


48 
Total Cases 





R3 cases 
axillary metast. 
proved microscopically 






















17 cases tate 
ae 
diagnosed by > ) 
gross exam. of spec.< 4 12 cases 


diagnosed by preop. 
physical examination. 

















Diagnosis of axillary lymph node metastasis in 48 cases of carcinoma of the breast. 


Comment.—An inevitable result of the recent campaigns to educate the 
lavman about cancer is that women become breast conscious. An inereasing 
number who have no serious lesion are consulting physicians because of a fear 
of breast cancer. The problem of convincing these women that they do not have 
cancer is great. The patient who is not completely reassured shops uselessly 
from physician to physician. 

Of even greater importance is the early detection of caneer and its cure 


by radical mastectomy. The key to early diagnosis does not lie in a search for 
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TABLE LV. AccuRACY OF DIAGNOSIS AT OPERATION OF 144 ‘‘ DOMINANT BREAST LUMPS’’ 





| | CHRONIC | | | | PER 


FINAL PATHOLOGL CYSTIC FIBRO- | CENT 
DIAGNOSIS TOTALS MASTITIS CANCER ADENOMA MISC. CORRECT 
By Gross Examination at the Operating Table (144 Examinations) 
Chronie cystic mastitis 69 64 0 l 0 98 
Cancer 1S l 47 0 0 98 
Fibro-adenoma 21 0 0 21 0) 100 
Miscellaneous 10 1 0 0 rf) 90 
Total 144 66. 17 22 9 
By Frozen Section (74 Examinations) 
Undeter 
mined 
Chronie cystic mastitis 28 27 0 0 l 96.4 
Cancer t+] 0 39 () 2 95 
Fibro-adenoma 5 0 0 5 0) 100 
Total 74 27 ~ 3g 3 


the “textbook” signs of malignaney, for example, skin retraction, edema, ax- 
illary metastases, ete., which may not appear until the disease has become in- 
curable, but in the recognition of small and often indefinite dominant lumps. 
Whenever an area of thiekening is localized, it must be re-examined at frequent 
intervals. If it develops the characteristics of a dominant lump, its nature 
must be determined by surgical removal and pathologie study, unless the as- 
piration of clear fluid with subsequent complete collapse shows it to be a simple 
eyst, when under strict criteria operation may be deferred. Our experience 
indicates that the correct diagnosis of a mass in the breast ean be made pre- 
operatively in only about three-fourths of the cases. By gross and frozen see- 
tion examination at the operating table, however, a correct diagnosis can be 
nade in practically 100 per cent. 

We do not advise the routine use of aspiration for suspected cysts: first, 
because of the possibility that the patient may not return for further examina- 
tion and, second, because of the possibility of spreading an unrecognized cancer 
by the procedure. The rare patient with both carcinoma and a evst may be led 
to believe the lesion has been cured and may not return for re-examination until 
the carcinoma has metastasized. In one of our patients aspiration was attempted 
in the presence of carcinoma and could conceivably have spread the cancer 
although radical mastectomy was performed within a week. Nonetheless, the 
benefits of aspiration were usually great, especially in the dramatic relief af- 
forded several women with cancer phobia. If aspiration is performed, a meticu- 
lous follow-up must be insisted upon, and the procedure must be performed 
only by those experienced in the clinical diagnosis of breast lesions. Attempts 
should be made to study the aspirated fluid by the Papanicolaou technique if 
trained personnel are available. In all instances in which the mass does not 
completely disappear by the aspiration of fluid, in all instances of ‘‘dry tap,’’ 
and in all instances in which the fluid is bloody, the lesion must be excised for 


pathologie study. 











SURGERY 


CONCLUSIONS 


1. A study of 250 patients with breast complaints referred for a surgical 
consultation by their examining physicians showed that one-fifth had carcinoma 
and slightly more than one-half had diagnoses of chronie cystic mastitis. 

2. Forty-eight per cent of the patients with carcinoma were found to have 
axillary metastases. 

3. In the patients operated upon, the ‘correct diagnosis of a lesion of the 
breast was made preoperatively in only 75 per cent of patients, whereas it was 
made at operation by combined gross inspection and frozen section examination 
in 100 per cent. 

4. In the elinical examination of the breast the ability to recognize small 
and elusive dominant lumps is of much greater importance than the ability to 
diagnose the mass correctly. Dominant lumps must be regarded as cancer and 
explored surgically. 

5. Aspiration of breast cysts may be a useful procedure when practiced 
under rigid criteria. It is not recommended as a procedure for general adoption. 

















DOUBLE GALL BLADDERS 
A Report oF Four Cases, ONE WitH SUPPURATIVE CHOLANGITIS AND BACTEREMIA 


N. FREDERICK HICKEN, M.D.,.* VERNON L. STEVENSON, M.D.. 
Lowry M. ALLEN, M.D.,* ANp CHARLES R. CORNWALL, M.D. 
SALT LAKE City, UTAH 


A TRUE ‘‘double’’ gall bladder denotes a complete duplication of the vesica 
fellea. There must be two separate and distinct gall bladders, each of 
which is drained by its own cystic duct. The manner in which the eystie ducts 
unite with the common hepatic and choledochal bile duets can and does vary. 
Usually the two separate cystic ducts empty into the same segment of the extra- 
hepatic ductal system, but occasionally one duct unites with the choledochus 
while the other fuses with the common hepatic duct. At times, however, the 
paired cystic ducts may fuse to form a common eystic duct before joining the 
common hepatic bile duct. The latter is designated as the Y type. 

The double gall bladders must not be confused with the ‘‘bilobed’’ or 
‘‘bifid’’ varieties. In the bilobed type there is no duplication of the gall blad- 
der itself, but rather a division of its cavity into two compartments by a longi- 
tudinally placed membranous septum. Strangely enough, this septum separates 
the fundal and corporeal segments of the lumen into two distinet eompart- 
ments, but at the neck of the gall bladder the dividing septum disappears, thus 
forming a common chamber which is drained by a single cystic duct. In the 
bifid type, the fundal segment of the gall bladder bifureates, thus forming 
two diverticular pockets which unite in the main gall bladder cavity to form a 
single structure. 

As a rule, the double gall bladders are not contiguous. The accessory strue- 
ture may occupy several unusual positions. It has been found hidden between 
the leaves of the gastrohepatie ligament or attached to the ventral surface of 
the left lobe of the liver.* Crile’ found an accessory gall bladder completely 
buried within the substance of the right hepatic lobe. When the two gall blad- 
ders are contiguous, they may have a common peritoneal investment, giving 


them an appearance of a single structure. 


DOUBLE GALL BLADDER: STONES IN GALL BLADDER AND EXTRAHEPATIC BILE DUCTS ; 
SUPPURATIVE CHOLANGITIS AND STREPTOCOCCAL BACTEREMIA 


CASE 1.—A housewife, 40 years of age, was admitted to the Latter Day Saints Hospital, 
on Feb. 16, 1947, because of ‘‘gall bladder trouble.’’ During the eight months prior to 
admission, she had had recurrent episodes of pain in the right subcostal area, accompanied 
by nausea, vomiting, and diarrhea. Each attack persisted for four days and was always fol- 
lowed by a state of well being. The paroxysm began seven days prior to hospitalization and 
was characterized by typical pains of gallstone colic. No history of jaundice could be 


obtained. 


Received for publication, May 24, 1948. 
*From the Department of Surgery and Roentgenology of the University of Utah Medical 
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Physical examination disclosed definite tenderness in the right subcostal zone. The 
liver and gall bladder could not be palpated. The gall bladder was not visualized by chole- 
eystographic studies. The icteric index was 10; the stools contained bile, and the urine was 
acholic. 

When the abdomen was opened, the gall bladder was found to be adherent to the 
stomach, colon, and omentum. The gall bladder contained many small ealeuli and its walls 
were indurated and fibrotic. Since nothing was seen to denote any anatomic abnormalities, 


a simple cholecystectomy was performed, 





Fig. 1.—Forty-five cubic centimeters of 35 per cent Diodrast was injected into the ex- 
ternal biliary fistula and an x-ray film was taken. Note the dilation of the right and left 
hepatic ducts. The common hepatic duct presents a mottled appearance because the intra- 
ductal stones partially displace the contrast medium. An obstructive lesion prevented the 
Diodrast from flowing down along the choledochus. 





The pathologist described the excised tissues as follows. The specimen consisted of a 
gall bladder measuring 9 by 3 em. Its mucosal surface was somewhat scarred and the wall 
had undergone considerable fibrosis. The mucosa was studded with deposits of cholesterol 
which gave it a yellowish discoloration. The gall bladder cavity contained thirty small 
faceted stones, with an average diameter of 1.5 cm. Microscopie studies failed to show any 
evidence of malignancy. 

The postoperative convalescence was uneventful except that bile continued to flow from 
the drainage tract. Since it was hoped that the external biliary fistula might close spon- 
taneously, the patient was permitted to return home on the eighth postoperative day. The 
drainage from the fistula continued for three days and then ceased abruptly. Subsequently 
the patient began to complain of abdominal distress, headache, nausea, and severe colicky 
pains. During this period the stools were acholic, the sclera became icteroid, and a most dis- 
tressing pruritus plagued the patient. Four days later the fistula reopened and large quan- 
tities of dark bile escaped. The itching and jaundice persisted even though the abdominal 
cramps had subsided. 
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e 4 

_ 4 Two weeks after the primary operation, when the patient was seen in consultation, 

g visualizing cholangiograms were obtained by injecting 935 ¢.c. of Diodrast into the external 
. fistulous opening. The resulting x-ray picture demonstrated that the draining sinus opened 

e : into the common hepatie bile duct (Fig. 1). The right and left intrahepatic ducts were 

. dilated to five times their normal caliber. The common hepatic bile duct contained many 
‘ 


‘ ‘<shadows’’ which were thought to be intraductal calculi. The contrast medium, however, 
was unable to pass from the common hepatie duct into the choledochus because of some un- 
recognizable obstruction. Progress cholangiograms, which were taken twenty minutes later, 
revealed that the Diodrast had passed from the common hepatie duct into a long pendulous 
eall bladder. Several shadows were seen within its lumen and these were thought to repre 


sent gallstones (Fig. 2). The fact that none of the Diodrast had entered the choledochus, 


. 


og 








Fig. 2.—This cholangiogram was taken twenty minutes after Fig. 1. Some of the Diodrast 
which had passed from the hepatic ducts into the accessory gall bladder clearly outlines the 
incarcerated stones. The calculi in the common hepatic duct are clearly visualized. Again, 
the common bile duct is not seen and none of the Diodrast was able to flow into the duodenum. 
Diagnosis was external biliary fistula, accessory gall bladder containing stones, calculi within 
the common hepatic bile duct, and complete obstruction of the choledochus. 


even at this late period, substantiated the diagnosis of an obstructive lesion. The cholangio 
grams were interpreted as showing an accessory gall bladder, in addition to stones in the 
common hepatie bile duct, and an external biliary fistula secondary te 
tion of the choledochus. 


a complete obstrue 


The patient was readmitted to the hospital on March 22, 1947, for surgical explora- 
tion. The external biliary fistula was traced to the lower end’ of the common hepatie bile 
duct, where by traction it had produced a kinking obstruction of the proximal end of the 
choledochus. The lumen of the collapsed common bile duct could not be identified because 





of profuse bleeding incident to the severe inflammatory process. 
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The fistulous tract was excised and ligated at a point where it communicated with the 


anterior surface of the common hepatic duct. The accessory gall bladder was mobilized 
and its cystic duct was found to pass upward, going posterior to external fistula, and uniting 
with the common hepatic duct about one inch above the point where the cystic duct of the 
main gall bladder had effected its union. The gall bladder was indurated and fibrotie and 
contained several irregularly shaped stones (Fig. 3, 4 and Bb), 

At this point the patient ’s condition became so precarious that operation had to be 
terminated, without further exploration. The caleuli were removed from the gall bladder 
and a cholecystoduodenostomy was performed (Fig. 3, C). It was hoped that this tem 
porizing procedure would divert the bile into the intestinal traet to facilitate the digestion 
and assimilation of foods. Even though the choledochus had not been identified, and the 
common hepatic bile duct was known to contain several stones, no furthe) exploration was 
warranted, Corrective operations, it was hoped, could be employed later, when the patient’s 
eondition improved. 
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_ Fig. 3.—A, This schematic drawing shows the “double” gall bladders, their individual 
cystic ducts, and the manner in which they unite with the common hepatic duct. 

B, The conditions encountered at the second operation are depicted. The main gall 
bladder has been removed. The persisting external biliary fistula originated at the point where 
the cystic duct united with the common hepatic duct, and resulting scar tissue is the obstructed 
choledochus. Inflammatory reactions and traction of the external biliary fistula have produced 
a pressure and kinking obstruction of the choledochus. 

C, At the second operation the stones were extracted from the gall bladder, the ex- 
ternal biliary fistula was excised, and a cholecystoduodenostomy was_ performed. 

D, At the third operation the accessory gall bladder and its cystic duct were removed. 
The common hepatic duct was divided, the intraductal stones were removed, and a hepatico- 
duodenostomy was performed. 
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A very stormy convalescence was experienced despite the repeated transfusion of whole 
blood and the administration of solutions containing glucose, protein’ hydrolysates, and 
penicillin, On the fourth postoperative day the septic temperature ranged from 104.8° to 
99,.4° F. Blood cultures furnished an abundant growth of gram-positive diplococei and non 
hemolytie streptococci. These findings were confirmed on several occasions. The patient was 
given 250 mg. of streptomycin every four hours, and 100,000 units of penicillin every three 
hours. When she had received a total of 9 Gm. of streptomycin and 12,800,000 units of 
penicillin, the blood cultures were reported sterile. During her last week in the hospital the 
temperature did not rise above 99° F. She was eating well, the jaundice had disappeared, 
and stools contained normal amounts of. bile pigments. 

The surgeon who performed the third operation kindly supplied us with the following 
information. The gall bladder was found to be collapsed and anastomosed to the jejunum. 
The anastomotic opening was patent and functioning, but no bile was found in the gall blad- 
der indicating an obstruction of the eystic duct. Further exploration indicated that a large 
ealculus within the common hepatice duct had become lodged in the orifice of the eystie duet 
and had prevented the bile from entering the gall bladder. The obstructing ealeulus jad 
completely negated the benefits which should have resulted from the cholecystojejunostomy. 
The stones were removed from the common hepatie bile duet and the gall bladder and cystic 
duct were excised. As the choledochus could not be identified, the common hepatie duet was 


anastomosed t 


» the jejunum (Fig. 5, )). The patient made an excellent recovery. 


DOUBLE GALL BLADDER WITIL *°Y7? CYSTIC DUCTS 

CASE 2.—A physician, 50 years old, came to the hospital after having diagnosed his own 
case as one of ‘‘biliary colic.’? During the past two vears he had suffered from recurring 
attacks of gallstone colic, which required the use of morphine sulfate for relief. Four 
choleeystographie examinations were made by different radiologists and in no instanee was 
the gall bladder visualized, but several opaque calculi were seen. The paroxysms had in 
creased in both frequency and severity so that he desired to have the offending gall bladder 
removed. 

When the ventral surface of the liver was exposed, a large, tense mass was found in 
the gall bladder fossa. Considerable dissection was required to free the distended gall blad 
der from the adherent omentum. No difficulties were experienced in removing the gall blad 
der, nor were any anatomic aberrations of the extrahepatic biliary system detected. 

The pathologist submitted the following report. The specimen consisted of a large 
distended gall bladder, surrounded by considerable amount of adipose tissue. On transeeting 
the gall bladder it was found to contain mucoid material and ten faceted stones, one of which 
was embedded in the orifice of the cystic duct. Strangely, the entire mass did not collapse 
when the main gall bladder was open as a tense, ovoid tumefaction was found adherent to 
the inferior wall. On incising this tumorous mass it was found to be an aecessory gall 
bladder, having no communication with its mate. The accessory organ contained five 
faceted stones which were floating in thick inspissated bile (Fig. 4, 1). Each gall bladder 
had its own individual eystie duet which measured 2 em. in length. These paired cystic 
duets then united to form a common eystie duct which had a length of 1.5 em. (Fig. 4, B). 
Microscopie studies demonstrated the mucosa to be somewhat hyperplastic and fairly well 
preserved. There was considerable round-cell infiltration in the walls of both gall bladders. 
The caleuli were of the ‘‘mixed type’? and were deeply pigmented. Diagnosis was double 


gall bladders having separate cystic duets which united to form a single common eystie duet. 


DOUBLE GALL BLADDERS RECOGNIZED BY CHOLECYSTOGRAMS 


CASE 3.—A merchant, 51 years of age, had been annoyed by pains in the right upper 


quadrant which were aggravated by severe gaseous eructations. A choleeystographie ex- 
amination was performed on April 1, 1945. The gall bladder was found to be filled with 


cholecystographie dye. Its size, shape, and conformation appeared to be normal. No eal- 


culi were observed. Just mesial to the normally placed gall bladder was a second shadow, 
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Fig. 4, A and B.—The photograph and drawing show the double gall bladders and their 
cystic ducts. In this instance the two paired cystic ducts fuse to form a common cystic duct 
before it unites with the common hepatic bile duct. 
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having a smooth contour and a globoid shape, which was thought to be an accessory gall 
bladder. Following the ingestion of the fat containing meal both of these shadows were 
much smaller, but they still retained large amounts of the cholecystographie dye. It was 
apparent that this patient had double gall bladders, both of which had good powers of con 
centrating the ingested dyes, but there was a definite disturbance in the motility and empty- 
ing functions (Fig. 5). Unfortunately, the patient’s digestive disturbances were so few 


that he refused operative intervention, hence the diagnosis could not be confirmed. 


CASE 4.—A physician, 42 years old, had complained of vague distress in the epigastric 
region. A cholecystogram was done on Feb. 2, 1939, and was interpreted as follows. In 
the upper right quadrant of the abdomen there were two gall bladders, each of which was 
filled with the cholecystographie dye. The main gall bladder was suspended from the ven 
tral surface of the right lobe of the liver, so that its long axis Was in a vertical plane. The 
accessory gall bladder, however, occupied a position directly under the twelfth rib and hence 
lay in an oblique position, There were no changes in the size, shape, or density of their 


respective shadows following the ingestion of the fat meal. No gall stones were detected 


Fig, 6). Apparently the duplicative gall bladders possess normal powers of concentration 
but exhibit definite interference with motility. Diagnosis was double gall bladders having 
impaired motor function. Again, the patient refused to submit to surgical intervention so 


confirmation was impossible. 
DISCUSSION 


‘*Double’’ or ‘duplex’? gall bladders initiate no characterizing clinical syn- 
drome which permits differentiation from other choleeystopathes. Occasionally 
the radiologist might detect two distinet gall bladder shadows,* or note two dis- 
tinet rows of gallstones,’ which would indicate the presence of these duplicative 
abnormalities. The literature contains the report of forty-eight cases of double 
gall bladders which have been recognized by routine roentgenologie examina- 
tions, and in fully 95 per cent the gall bladders still retain sufficient funetion 
to concentrate the ingested dyes. 

It must be remembered, however, that cholecystography is not infallible, 
and may invite a false appraisal of the patient’s condition. It is not unreason- 
able to assume that one of the ‘‘paired’’ gall bladders might be so diseased that 
all funetion would be lost, while its twin might still retain its normal physiolog- 
ie properties. Under such circumstances the unaffected organ would present a 
normal cholecystographie response, while the diseased gall bladder would not be 
visualized. The radiologist, being unaware of the nonvisualized, pathologie gall 
bladder, would submit a report based on the visualization of the normal acces- 
sory organ, which might read, a ‘‘well visualized gall bladder possessing normal 
functions of concentration and emptying.’’ In view of this report the surgeon 
might not have the temerity to explore the abdomen for the diseased gall blad- 
der when the roentgenologiec examination indicated a ‘‘normal functioning gall 
bladder.’’ 

Since the advent of cholecystography, various malformations in the shape 
and contour of the gall bladder have been reported with increasing frequency. 
Numerous deseriptive terms, such as, bilobed, bifid, biocular, hourglass, dumb- 
bell-like, S shaped (Fig. 7, B), and phyrgian-capped, have been used by the 
radiologist to denote the characterizing deformities. In spite of the fact that 
these gall bladders have but one cavity, they may produce two distinet gall 








SURGERY 


Fig. 5.—The cholecystogram outlines two distinct gall bladder shadows. The more 
laterally placed gall bladder possesses a normal concentrating function, while the accessory 
and the more mesially placed gall bladder presents a lighter silhouette. There was very 
little change in these pictures following the ingestion of the fat containing meal. Diagnosis 
was double gall bladders. 


Fig. 6.—Two gall bladders are visualized by the cholecystographic dye. One gall 
bladder is suspended from the ventral surface of the liver so that it hangs in a vertical plane, 
while the more mesially placed gall bladder lies in an oblique direction just below the lower 
level of the twelfth rib. The fact that both gall bladders were visualized indicates practically 
no impairment in their function of concentration, but there was no alteration in size, shape, 
or density following the fat meal, suggesting a disturbance of motility. 
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bladder shadows, if viewed from the anteroposterior position. Allen maintains 
that if the roentgenograms are taken from several views, such as the anteropos- 
terior, prone, lateral, oblique, and erect positions, that differentiation is  pos- 
sible (Fig. 7). Double gall bladders will present two distinct shadows im all of 
these positions, while those having malformations of contour only will exhibit a 


single shadow in some of these various views. 








es B. 





Fig. 7 A, The cholecystogram shows two silhouettes in the gall bladder area and a 
large staghorn calculus in the right kidney. 

B, Following the removal of the renal caleulus a second cholecystosram was taken 
while the patient was in an oblique position. The gall bladder now appears as a long, redun- 
dant structure which was “folded” on itself, which accounted for the two shadows which were 
seen in the original cholecystogram. 

Recognition of congenital anomalies of the gall bladder, whether duplicative 
or merely changes in contour, can be accurately accomplished by cholangio- 
eraphie studies while the patient is on the operating table. If the contrast 
medium, such as Diodrast, is injected into the presenting gall bladder, it will 
flow into all other segments of the extrahepatic biliary, and the resulting cho- 
langiogram will provide an exact anatomic pattern of existing anomalies. The 
surgeon can then institute the proper remedial operations. Had such a plan 
heen carried out in our first case, the accessory gall bladder and the intraductal 


stones would not have been overlooked. 
SUMMARY 


1. A true ‘‘double’’ gall bladder is a congenital anomaly in which there are 


two complete gall bladder walls, two separate, noncommunicating cavities, each 
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of which is drained by its own eystie duet. The paired cystic ducts may empty 
into the same or different segments of the extrahepatic biliary system, or the 
separate cystic ducts may fuse in a Y like pattern to form a common eystie duct, 
which then unites with one of the large biliary radicals. Representative cases 
are discussed. 

2. The bilobed and bifid gall bladders should not be confused with the 
duplications of the vesica fellea. Anatomie and radiologic differentiations are 
discussed. 

3. Double gall bladders produce no characterizing clinical syndromes which 
permit differentiation from other cholecystopathies. The roentgenographic 
identification of double gall bladders has been made by observing two separate 
rows of gallstones, or by noting two distinct silhouettes of the gall bladder 
during routine cholecystographic examinations. In two of our cases the paired 
gall bladders still retained sufficient function so that they were able to econ- 
centrate the cholecystographie dve, and hence cast recognizable shadows. In 
the other two cases, however, the gall bladders were so diseased that roentgeno- 
graphic visualization was impossible. 

4. Cholangiographie visualization of the extrahepatic biliary system, when 
the abdomen is opened, affords the best method of recognizing any existing ana- 
tomie aberrations. 
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DUODENAL DIVERTICULITIS WITH PERFORATION 
REPORT OF A CASE 


WiLuiAM L. Byeruy, Jr., M.D., BALTIMORE, Mb. 


(From the Department of Surgery, University Hospital) 


cases* of diverticulitis of the duodenum with perforation have been found. 
This number of cases appears unusually small since diverticula of the duodenum 
are found in one to two per cent’ of all gastro-intestinal x-ray series and in 


and anatomical’ studies carried out for this particular abnormality. 
ETIOLOGY 
The reasons advanced for the infrequent occurrence of perforation of duo- 


2) the retroperitoneal situation which permits ready distention, and (3) wide- 





mouthed ostia and inverted supported position (when on the coneave side) 
facilitating dependent drainage.s The third explanation lacks substantiation 
when it is remembered that the ostium is often coneealed among the plieae cir- 
culares of the duodenum and that little or no muscle is present in the sae wall. 
Because of these latter conditions retention, which favors bacterial growth and 
inflammatory involvement, should occur. Weintraub and Tuggle® in their work 
on diverticula of the duodenum demonstrated that retention does occur. Out 
of 310 patients with duodenal diverticula receiving a barium meal, 52 showed a 
retention of six or more hours. 


SYMPTOMS 


The symptoms of perforation of duodenal diverticula are pain, nausea, 
emesis, and localized tenderness with associated muscular rigidity, fever, and 
leucocytosis. Shock may or may not be present. The severity of the symptoms 
will depend upon the size and rapidity of the perforation and the direct or in- 
direct communication with the general peritoneal cavity. In all the reported 
cases except two, an incorrect diagnosis of perforated peptic ulcer, perforated 
appendicitis, or acute cholecystitis was made. The diagnosis was made by roent- 
gen studies in the case reported by Lucinian.'? The diagnosis of a diverticulum 
of the duodenum was made in the case reported by MeQuay,"! but the perforation 
Was not recognized until operation. The two latter cases were treated as elective 
surgical cases. 


PATHOLOGY 


The diverticulum may vary in size from a few millimeters to 8 to 10 em. 
in diameter. It is usually found on the inner and posterior surface of the duo- 


Received for publication, June 1, 1948. 

*The cases presented by Huddy and Costello have been reported as duodenal diverticulitis 
With perforation. On review of their original papers, no mention of perforation was made.!: ? 
The case of Erkes, quoted by Brown and McHardy, was originally reported in the German 
literature.? 





44] 


[* A review of the American and English literature the report of only five 


three and three-tenths per cent to fourteen and one-half per cent of post mortem® 


denal diverticula are (1) comparative sterility and fluidity of the content, 
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denum along the line of entrance of the vessels. The most common site is the 
second portion of the duodenum. The first part of the duodenum is the second 
most common site and the third part is the least common location. The diver- 
ticulum is usually dorsal to the head of the pancreas, but may be anterior, be- 
tween the pancreas and the duodenum, or even within the head of the pancreas. 
If the diverticulum arises from the posterior part of the duodenum the serosal 
coat will be absent. The ostia vary in size, usually wide in the smaller diver- 
ticula and rather narrow in the larger ones. The mucosa is a continuation of the 
duodenal mucosa. Pancreatic rests may be found in the walls. There may or 
may not be a muscular layer and if one is present it is usually thin. Some au- 
thorities believe that the congenital diverticulum does not have a muscular layer, 
while the acquired diverticulum does. The inflammatory reaction seen in di- 
verticula is analogous to that observed in the appendix, It may vary from con- 
gestion with leucoceytic infiltration to suppuration and gangrene with or with- 
out perforation."” 


CASE REPORT 


History.—The patient, a white man, 71 vears of age, complained of generalized ab 
dominal pain on admission, About 10 A.M., Oct. 18, 1947, he was stricken with sudden sharp 
pain in the epigastric region, so excruciating that he collapsed, He was found a few minutes 
later on the floor grimacing in acute pain and lying on the right side with thighs acutely 
flexed on the abdomen, afraid to move for fear of increasing the pain. He was removed to 
a hospital where he was placed in high Fowler’s position with oxygen tent (presumably a 
coronary thrombosis was suspected). He felt nauseated but did not vomit. The pain spread 
to the right upper quadrant but did not penetrate to the back or to either shoulder. It per- 
sisted without let-up. At twelve noon he received a quarter of a grain of morphine sulfate. 
The dose of morphine sulfate was repeated at 3:30 P.M. 

The patient arrived at the University Hospital at 4:30 p.m. In spite of the morphine 
sulfate received, he was still in acute distress. He gave no history of similar attacks. He 
had, however, on several occasions had an ‘* inside swelling’? which was relieved by belching, 


He had had episodes of melena which lasted for one or two bowel movements and then 


cleared, 


Physical Examination.—TVemperature was 98.6° F., respirations were 22 per minute, 


and blood pressure was 170/80. He was a well-preserved, white man in acute distress. There 


was no evidence of shock. He lay on the right side with the thighs flexed acutely on the 
trunk and moved with reluctancey into the recumbent position when asked. The examination 
of the heart and lungs was negative. The abdomen was moderately distended. Tenderness 
was present over the entire abdomen but was more pronounced in the upper right quadrant. 
Generalized tenseness of the abdomen was present with boardlike rigidity of the upper right 
rectus muscle. No peristalsis was audible and no mass was palpable. Rectal examination was 
negative except for a gerade 3 prostatic enlargement. 

Operation. The patient was taken to the operating room at 6 PLM., eight hours after 


~ 


the onset 


if pain. Under eyclopropane anesthesia, administered through an endotracheal 
tube, and supplemented with curare, the abdomen was opened through a right upper rectus 
musele-splitting incision, Examination of the abdominal cavity disclosed a small amount of 
yellow fluid. The intestines were quiet and there was no serosal exudate. Just lateral to 
and beneath the duodenohepatie ligament was a bulge of the retroperitoneum. On reflection 
of the fixed portion of the first and second part of the duodenum by dividing the parietal 
peritoneum along the lateral border, a bloody, bile-containing fluid escaped into the peri 
toneal cavity. After suction cleared the operating field, a duodenal diverticulum was seen 
extending dorsal to the head of the pancreas superiorly and medially. The serosal surface 


was covered by a fibrinous exudate. A perforation about 2 em. in diameter was present at 
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the apex. The diverticulum was 7 cm. in length, adherent to the surrounding tissues, and 
attached by a stalk near the ampulla of Vater. The communication into the duodenum was 
large enough to admit easily the index finger. A partial excision of the diverticulum with 
plication of the remaining portion was decided upon because of the size of the opening into 
the duodenum and its relation to the ampulla of Vater, Over four-fifths of the diverticulum 
was excised. The remaining portion was plicated transversely to the axis of the duodenum 
with a continuous suture of zero chromic catgut. This was re-enforced by a continuous 
Lembert suture of zero chromic catgut. A fat pad of omentum was then sutured over this 
area for further protection. The parietal peritoneum was closed along the second portion of 
the duodenum. The peritoneum along the first portion and the angle of the duodenum was 
left open. Drainage through stab wounds in the anterior abdominal wall was decided upon, 
Penrose drains were placed into the lesser omental cavity, the subphrenic space, the right 
gutter, and the pelvis. The abdominal wall was closed with zero chromic catgut, skin silk, 
and braided silk stay sutures, The patient received two pints of whole blood during the 
operation and was in good condition when taken from the operating room, 

Postoperative Course.—The postoperative eourse Was complicated by acute urinary 
retention and a wound infection, The urinary retention was relieved by placing an indwelling 
No. 20 Foley catheter into the bladder. The wound infection responded rapidly to drainage 
and daily irrigations with sodium bicarbonate (the pH of the wound was acid 

Pathology Report.—The specimen consisted of a piece of tissue measuring 6 cm, i 
length. The inner surface was smooth. It represented mucosa of the intestine. The serosal 
surface was necrotic and covered by a fibrinous exudate, 

On section the wall was seen to consist of mucous, submucous, muscular, and serosal 


coats. All coats showed an inflammatory exudate. 
ANALYSIS OF REPORTED CASES (TABLE I 
-Age.—In this group of cases the voungest patient was 36 vears of age and 
the oldest was 71, with an average of 57.2 vears. The age incidence is not sur- 
TABLE I, ANALYSIS OF CASES OF PERFORATION 


LOCATION. OF 
DIVERTICULUM 


AGE PREOP. PAN PERFO RI 
AUTHOR (YR. ) 1 SEX DIAGNOSIS DUODENUM CREAS RATION BASH SULTS 
Monsarrat!® 58 KF Acute chole 2nd portion, Dorsal \pex Stalk Reeoy 
cystitis concave ery 
side 
Lucinian!? 36 Ky Duodenal di Concave In pan \pex Stalk Reco 
verticulitis side near creas ery 
with perfora ampulla 
tion into Sty 
pancreas 
McQuay?! 65 M Duodenal di 2nd portion, Into pan. No com- Stalk Recoy 
verticulitis concave creas ment ery 
side 
Jouverl4 D4 M Perforated Concave Dorsal \pex No com Died 
appendix side near ment 
ampulla 
of V. 
Boland15 59 M Perforated Concave Between \pex Stalk Died 
uleer side near duo 
ampulla denum 
oft wv. and 
head of 
pan 
Cereas 
Present 71 M Perforated Concave Dorsal \ pex Stalk 
ease ulcer, pos side near Recoy 
terior ampulla ery 
of V. 
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prising when it is remembered that 5 per cent!® of the people over 55 vears of 
age having a gastrointestinal x-ray series are found to have one or more di- 
verticula of the duodenum, while in the over-all age group only 1 to 2 per cent!® 
have diverticula. The chance of perforation then is four to five times greater 


in the age group over 55. 


Serx.—There were four men and two women in this group. The series is too 
small to draw any conclusions as to the frequeney of occurrence in the two sexes. 


Preoperative Diagnosis.—An incorrect diagnosis was made in all cases in 
which an immediate operation was necessary (see Table 1). The remaining two 
eases did not require an immediate operation, so a thorough diagnostie study, 
including roentgen studies, was possible. In the case reported by Luecinian,"® 
the correct diagnosis was made with a gastrointestinal x-ray study. In Me- 
Quay’s case’! the diagnosis of diverticulum of the duodenum was made, but the 
perforation into the head of the pancreas was not demonstrated until the ab- 
domen was opened, 


Location of the Diverticulum.—In all the cases the diverticulum arose from 
the concave side and the second portion of the duodenum. This is in conformity 
with the findings of Ackerman.’* He stated that 95 per cent of all diverticula 
of the duodenum arise from the concave side and 75 per cent of these from the 
second portion of the duodenum. Of the 75 per cent arising from the second 
portion, the great majority occur within 214 em. of the ampulla of Vater. The 








occurrence in the second portion of all the cases of perforation must he based 
on the frequency of diverticula in this location, for no great anatomie or physio- 
logic difference exists between the diverticula of the second portion and those 


of other parts of the duodenum. 



















Pe rforation and Base of the Diverticulum.—The diverticulum arose I a 
stalk and perforated at its apex in all the cases in which there were data on 
these two points (Table I). Since all the cases commented upon arose by a stalk 
and presented an opening into the duodenum, smaller than the diameter of the 
diverticulum, it is thought that the significance of this existing anatomic con- 
dition must be considered as a causative factor. Retention would certainly be 
more likely and pressure from within the diverticulum greater. 

The frequency of perforation of the diverticulum at the apex is best ex- 
plained by the damaged blood supply. The vascular system supplies the di- 
verticulum through its attachment to the duodenum. Ischemia and necrosis, 
which precede perforation, would result in the more distal part first. 


RESULTS 





In all the cases where the diverticulum was found and treated, recovery 
resulted. In the two cases where the lesions could not be demonstrated at opera- 
tion and treatment consisted of drainage without closure of the perforation, 
death resulted. The mortality for all the cases was 331% per cent. In the eases 
in which immediate surgery was necessary (four in number), the mortality 
was 50 per cent. 
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SUMMARY 


1. A review of the literature of diverticulitis of the duodenum with per- 
foration has been presented. 

2. Another case of diverticulitis of the duodenum with perforation has been 
added. 

3. Perforation of duodenal diverticula and peptic ulcers present the same 
clinical symptoms. 

4. In all cases the diverticulum arose by a stalk and the perforation occur- 
red at the apex. 

5. The mortality for all the cases was 83! per cent while the mortality for 


the acute cases requiring prompt surgery was 90 per cent. 
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THE EFFECT OF SURGICAL DEVASCULARIZATION OF THE 
STOMACIL ON TILE PRODUCTION OF MANN-WILLIAMSON 
ULCERS 


Benton Houm, M.D., M.S. (SurGrerRy ), MOLINE, [ILL., AND 
A. G. Mackay, M.D., BuRLINGTON, V7. 


From the Department oT Surgery, University of Vermont) 


EVASCULARIZATION of the stomach by ligation of the major portion 
D of the arterial supply of the organ has been proposed as a method of treat- 
ment for chronie duodenal uleer. 

Somervell’ reported the use of the procedure with or without complemen- 
tary gastrojejunostomy in over 400 cases in Travancore, South India. He sug- 
vested that interrupting the major portion of the arterial supply to the stomach 
results in a ‘‘physiologic gastrectomy,’’ with ischemic atrophy and diminished 
funetion of the chief and parietal cells of the gastrie mucosa. He compared 
the clinieal results obtained in this series with those obtained in comparable 
series of gastric resections and of simple posterior ast rojejunostomies for duo- 
denal uleer. His end results after a follow-up period of from one to five years 
indicated that in the physiologie gastrectomy group there was a more persistent 
reduction in gastric hyperacidity, a lower mortality rate, and a lower incidence 
of recurrent ulceration than in either of the groups with gastric resection or 
gastroenterostomy. 

Any method proposed for the management of peptie ulcer can be evaluated 
in part by determining its effect on the production of experimental ulcers in 
animals. 

LeVeen? has noted that the typical peptic ulcers in the first portion of the 
duodenum, ordinarily induced by intramuscular injection of histamine-in- 
beeswax, did not occur in animals who had undergone devascularization opera- 
tions. With extensive ligation, however, vascular ulcers occurred on the mid- 
portion of the greater curvature of the stomach. Baronofsky,*® however, in a 
similar study found that ligation of three of the large arteries of the stomach 
and additional small arteries coming from the gastroepiploic vessels failed to 
prevent histamine-provoked ulcer in his series of five dogs. 

The Mann-Williamson proceduret has been used in many experimental 
laboratories as a method of evaluating peptie ulcer therapy. In this operation 
the alkaline juices of the duodenum are shunted into the terminal ileum. Tvpi- 
eal peptic ulcers occur in a large percentage of these experiments as a result 
of the un-neutralized hydrochloric acid and pepsin, acting upon the jejunal 
mucosa. In the original series of Mann and Williamson fourteen of the sixteen 
animals developed these experimental ulcers. More recent workers report the 
occurrence of experimental ulcers following the Mann-Williamson procedure 


in over 95 per cent of operated animals.”.° In our experimental laboratory, 
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this procedure has been used to evaluate several proposed methods of uleer 
therapy..;* In this study we have attempted to determine the effect of the 
procedure of ** physiologic gastrectomy” on the production of Mann-Williamson 
ulcers. 

METHODS 


Six normal mongrel dogs were used in this study. Under intravenous pentothal sodium 
anesthesia, using aseptic technique, all the arteries on the lesser curvature and approximately 
nine out of ten of the smaller vessels coming from the gastroepiploic vessels on the greater 
curvature were ligated with 00 silk. This was combined with an immediate Mann-Williamson 
procedure in two dogs, and in the four other animals the Mann-Williamson operation was 
done as a second stage, after an interval of time, varving from fourteen to eighty-one days. 
In these animals, further ligation of severnl blood vessels to the stomach at the time of the 
second laparotomy was performed. 

The Mann-Williamson procedure was performed as follows: the stomach was divided 
at the pylorus, and the duodenal end was inverted and closed with three layers. The jejunum 
was severed three or four inches distal to the ligament of Treitz, and the proximal end was 
joined to the terminal ileum about twelve inches from the ileocecal junction by end-to-side 
anastomosis, The distal end of the severed jejunum Was joined to the pylorus by an end-to 
end anastomosis, 

In five control animals in which the Mann-Williamson procedure was done without 
gastric devascularization, ulcers occurred in all cases. The average duration of life from 
the time of the Mann-Williamson operation to the time of death from ulcer in the control 
series was twenty-two days. 

EXPERIMENTAL RESULTS 


All the dogs which survived over one week developed typical peptie uleers 
of the jejunum. In the two animals that died from ulcer (Fig. 3) and (Fig. 4) 
the survival time was 95 and 111 days after the Mann-Williamson operation 
(Table 1). The other two dogs that died from other causes had definite jejunal 
uleers (Figs. 1 and 2). 

COMMENT 

It will be noted in Table I that in spite of the extensive devascularization of 
the stomach the four animals which survived longer than six days all developed 
jejunal uleers. These ulcers were identical with ulcers seen in the control ani- 
mals. 


TABLE I, THe RESULTS OF SUBTOTAL GASTRIC DEVASCULARIZATION FOLLOWED BY THE 
MANN-WILLIAMSON OPERATION IN DOGS 


SURVIVAI 
ARTER M-W 
DOG DATE OPERATION DAYS ) AUTOPSY FINDINGS 
l 2/13/47 Devascularization 2 Atelectasis, no ulcer 
2/29/47 M-W* 
Z 3/28/47 Devascularization 6 Subhepatic abscess, no uleer 
M-W : 
3 2/ 8/47 Devascularization oo Gastric trichobezoar, jejunal ulcer 
2/21/47 M-W 
! 1/30/47 Devascularization 14 Chronic, partial intestinal ob- 
2/21/47 M-W struction; jejunal ulcer 
a) 3/21/47 Devaseularization 95 Jejunal ulcer with perforation 
6/13/47 M-W 
6 4/22/47 Devascularization 111 Jejunal ulcer with perforation 
M-W 


*Mann-Williamson. 
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The length of time of survival in the two experimental animals that died 
from the effects of Mann-Williamson uleer was 95 and 111 days, while our 
control animals survived an average of only 22 days before death from uleer. 
In such a small series little significance can be attached to this because other 
workers have reported survivals in control animals up to three and four months. 

Inasmuch as the Mann-Williamson ulcer is the result of the action of un- 
neutralized gastrie acid and peptic secretion, any procedure which might be 
expected to prevent these ulcers should produce a marked reduction in the 
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Fig. 1 (Dog 3).—Forty-six days after devascularization and thirty-three days after 
Mann-Williamson operation and further devascularization; death from trichobezoar and mal- 
nutrition. Note jejunal ulcer just beyond anastomosis. 

Fig. 2 (Dog 4).—Sixty-six days after devascularization and forty-four days after Mann- 
Williamson operation and further devascularization; death from chronic partial intestinal ob- 
struction. Note superficial ulcer in jejunum. 
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amount or concentration of gastric secretion. Layne and Bergh® and Bern- 
heim!’ did repeated gastric analyses on does at varying intervals after subtotal 
gastric devascularization and noted no change in gastrie acidity. Babkin™ 
ligated most of the gastric arteries in three dogs with esophagostomy and gas- 
trie metal fistulas. He reported practically no change in free or total acidity, 
total chloride concentration, or peptic activity following histamine administra- 
tion or sham feeding of meat. LeVeen? noted a reduction in total volume but 


sm 
kissin 


“Perfo ration 





S po 
utpro| Perforation. 


os oe ate 


Bis. 4 
Fig. 3 (Dog 5).—One hundred seventy-nine days after devascularization and ninety- 
five days after Mann-Williamson operation and further devascularization. Death from per- 


forated jejunal ulcer. 
Fig. 4 (Dog 6).—One hundred eleven days after devascularization and Mann-Williamson 


operation. Death from perforated jejunal ulcer, 
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not of concentration of gastric secretion after surgical interruption of gastric 
blood flow. 

The fact that the formation of Mann-Williamson ulcers was not prevented 
by arterial ligation of the stomach is also consistent with the findings in a com- 
plementary study in our laboratory'? that histologic changes in the gastrie 
mucosa are minimal and that no significant decrease in gastric acidity is noted 
following this procedure. 

No evidence of vascular ulcers or massive gangrene of the greater curvature, 
which were noted by other observers,?:° was found in our animals. There was 
no disturbance in healing of the anastomosis at the pylorus, even after almost 
complete devascularization. The remarkable ability of the stomach to withstand 
interruption of its arterial blood supply is probably due to the existence of a 
vascular network which supplies all parts of the organ when one small vessel 
to the stomach is left intact. Revascularization from adhesions to surrounding 
organs occurred to a slight extent. 


CONCLUSIONS 


Subtotal devascularization of the stomach failed to protect dogs from 
Mann-Williamson ulcers in our series. 
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A METHOD FOR PRODUCING COARCTATION OF THE THORACIC 
AORTA IN DOGS 


W. C. SEALY, M.D., AND GEorRGE H. McSwain, M.D., DurRHaAM, N. C. 


(From the Department of Surgery, Division of Thoracic Surgery, Duke University 


School of Medicine) 


[* ORDER to study the physiologic effects of partial oeculsion of the thoracic 
aorta in dogs, it became necessary to devise a method that would reduce the 
lumen, yet, would not result in thrombosis or rupture of the vessel. In the 
past, many attempts to occlude partially and completely the aorta’ * * have 
heen carried out. The procedures directed toward the external compression ot 
the vessel have been almost uniformly unsuccessful because of necrosis of the 
wall of the aorta. Owings,* however, was successful in eventually ligating the 
aorta in 6 out of 75 dogs, using rubber bands apphed at multiple operations. 

Pearse® tried many methods of partial occlusion of the aorta. He used 
intravascular springs and external bands of cellophane to promote scarring. 
Blalock and Park,® in devising an operation for coarctation of the aorta, reduced 
the flow through the thoracic aorta by complete gation of the vessel and then 
anastomosing the left subclavian to the distal aorta. This procedure did not 
result in any remarkable change in the blood pressure in upper and lower 
extremities. 

It was evident, then, that for a method of partial aortic occlusion to be 
successful, it would have to avoid compression of the pulsating aorta, yet not 
produce’ thrombosis, as dogs do not survive sudden aortie ocelusion. — It 
seemed that some method of intravascular occlusion would be likely to succeed. 
Hufnagel® showed that segments of the thoracic aorta could be replaced with 
Lucite tubes with survival of the animal for long intervals. Lucite or poly- 
merized methacrylate is a nonwettable plastic that produces little tissue re- 
action and ean be easily machined to desired specifications. The first method 
attempted was with a Lucite tube lined with a free vein gratt. 

The Lueite tube was 1 em lone, with varied sized external and internal 
diameters. The large vein, usually the inferior vena cava, was then pulled 
through the lumen of the tube and everted over each end in such a way that the 
intimal surface was exposed to the blood current. The aorta was then incised 
transversely, and the tube placed in lumen resulting in a stricture of the vessel 
lem. long, that abruptly decreased the lumen. Both the thoracic and abdominal 
aorta were used. In only one animal did the vessel remain patent as long as 
six days. Table I shows the results in this group of animals. 

From autopsy studies of the animals, it was apparent that the following 
events took place. Due to turbulence set up by the blood passing through the 
lone stricture, thrombosis developed at the distal end, and then filled up the 
tube. In the thoracic aorta this frequently resulted in rupture of the aorta 
from the pulsations against the thrombosed tube. 

In order to prevent turbulence, a Lueite tube was designed as shown in 
Fig. 1. In this tube the point of greatest constriction was close to the proximal 
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TABLE I. DATA ON DOGS WITH PARTIAL OCCLUSION OF THE AORTA FROM 
VEIN-COVERED LUCITE TUBES 


SUI 
VIVAI 
rIMI 
AFTER MINUTE 
LOCATION OPERA PIORACK 
O} PION CONDITION OF AORTA AT SITI AORTA 
DOG STENOSIS DAYS CAUSI O} DEATH OF STENOSIS OCCLUDED 
| Abdominal | Wet gangrene of Thrombosis at site of stenosis; 
aorta both lower thrombus extended into tri 
extremities fureation 
> Abdominal 19 Killed at end of 19 Thrombosis at site of stenosis 
aorta days 5 days after operation; j 
thrombus extended into tri 
furcation 
10 Abdominal 30 Killed at end of 30 Thrombosis at site of stenosis 
aorta days 5 days after operation; 


thrombus extended into tri 
fureation 





6 Thoracic 1 Paralysis of lower Thrombosis at site of stenosis G0) 
aorta one-half of body, 
infarction of kid 
heys 
7 Thoracie 6 Hemorrhage Thrombosis at site of stenosis 29 
aorta with erosion of vessel wall 
S Thoracic 2 Paralysis of lower Thrombosis at site of stenosis 19 
aorta one-half of body, 
infaretion of kid 
hnevs 
“4 Thoracic 6 Hemorrhage Thrombosis at site of stenosis 22 
aorta with erosion of vessel wall 
11 Thoracic 0 Died 50 min. after Thrombosis at site of stenosis + 32 
norta aorta, Clamps re 


noved 











N Docs WitTit PARTIAL OCCLUSION OF TILE THORACIC AORTA WITH A 
LUCITE TUBI 





TABLE II. DATA ‘ 










TIMI 
TILTORACK 
ATION COMPLICATIONS AORTA 
OF SURVIVAL AFTER OR CAUSE OF CONDITION OF AORTA Al OCCLUDED 
OPERATION DEATH ( MIN.) 





































OF STENOSIS 





STENOSIS SITI 











14 Thoracie Still alive 5 mo. Slight spasticity Still patent; arterial 38 
aorta after operation of lower ex pulsations in lowe1 
tremities extremities 
16 =“Thoracie Still alive 4 mo. None Still patent; arterial 2) 
aorta after operation pulsations in lower 





extremities 












pad Thoracie Still alive 5 mo. None Still patent ; arterial ot 
aorta after operation pulsations in lower 
extremities 
23 Thoracic 7 days Hemorrhage into No thrombosis: erosion 16 
aorta left chest of aorta at proximal 
end of tube from an 
extra ligature applied 
too tightly 
24 Thoracic Killed 5 weeks Spasticity of lower [Lucite tube in place ; 29 






aorta after operation extremities; lumen patent 
severe hemor 







rhage at time of 






operation 
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end. The inside bore was ‘‘streamlined’’ both proximal and distal to the nar- 
rowest area to minimize turbulence. The tube was 11% inches long, 5/16 ineh 
outside diameter, and 2/16 inch at the narrowest inside diameter. The total 
degree of constriction of the aorta by the insertion of this tube varies in different 
dogs, but in the ones presented here, the diameter of the aorta was reduced 
about 75 per cent. To prevent the sedimentation of the formed elements of the 
hlood on the tube, all surfaces of the Lucite tube were highly polished. 
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Fig. 1.—Drawing showing a Lucite tube used to replace a segment of the thoracic aorta. 
The Lucite tube is 115 inches long, 5;, inch outside diameter, and %. inch at narrowest inside 
diameter. The lumen of the tube is constructed so that the turbulence is minimized by stream- 


lining the bore, 


The operation on the dogs was carried out with positive pressure anesthesia, 
and the thorax was entered through the sixth interspace. The thoracic aorta was 
mobilized by division of the first four pairs of intercostal arteries. Then with 
two clamps on the aorta, placed 1 inch apart, the vessel was divided, and the 
Lucite tube was placed in the open ends of the artery as shown in Fig. 1. A 
ligature of No. 1 silk was tied very tightly and placed next to the eut ends 
of the vessel. The second pair of ligatures was of heavy braided silk and tied 
loosely, so that the aorta would be pressed against the Lucite tube just tightly 
enough to hold, but not to cause necrosis of the vessel wall. This procedure 
Was carried out in five dogs, and the data are shown in Table II. 

Dog 23 was the only fatality in the group. Following unusual exercise, 
seven days after operation, the animal died from rupture of the proximal 
aorta. It had been necessary to apply a third ligature at the proximal end of 
the tube because of inaccurate placement of the ligature of braided silk. 
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Fig. 2.—The heart and aorta of g 24, five weeks after the insertion of a Lucite tube 
in the descending aorta. The tube i ow! sa dark area in the first part of the descending 
aorta. 


Fig. 3.—The same specimen as in Fig. 2, put with the aorta sectioned longitudinally. 
The Lucite tube is in place. At upper end of w lube a small thrombus can be seen, however, 
this does not encroach on the lumen 
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Evidence of damage to the spinal cord was present in two of the animals. 
Dog 1 had the aorta occluded for thirty-eight minutes and developed slight 
spastic paraplegia, but, after two weeks, only minimal spasticity remained. 
Dog 6 developed complete spastic paralysis of the lower one-half of the body 
after occlusion of the aorta for twenty-eight minutes. The prolonged occlusion 
was complicated at the time of operation by severe hemorrhage due to slipping 
of the Lucite tube from the end of the proximal aorta. In the remaining three 
animals in Table II, and the two in Table I that survived longer that twenty- 
four hours, paralysis did not occur. The maximum time of aortie oc¢elusion in 
the latter animals was twenty-five minutes. 

Table II] shows the mean blood pressure changes before and after operation. 
All measurements were made with a No. 18 needle and recorded by a mereury 
manometer. 


TABLE III. BLOoop PRESSURE CHANGES IN DoGs AFTER PARTIAL OCCLUSION OF THE AORTA 





PREOPERATIVE MEAN BLOOD PRESSURE POSTOPERATIVE MEAN BLOOD PRESSURE 


DOG. NO, CAROTID FEMORAL CAROTID FEMORAL 
14 Not recorded 110 ISS 150 
22, Not recorded L354 194 134 
16 Not recorded 128 204 148 
24 110 108 184 144 


Pressures recorded under nembutal anaesthesia with a mercury manometer by needle 
puncture. 

Dog 5 was killed at the end of thirty days. Fig. 2 shows the aorta with 
the Lueite tube in place, while Fig. 3 shows the same specimen after division 
longitudinally with the Lucite tube still in situ. There is one small area of 
thrombosis and dilation of the artery just proximal to the Lucite tube that did 
not encroach on the lumen. The tube was completely encapsulated with a thick 
laver of fibrous tissue that had fixed the tube in place, and the inside of the 
tube was smooth without clot or fibrin on its surface. 


CONCLUSION 


1. A method of stenosis of the thoracic aorta in dogs has been devised 
that permits prolonged survival of the animals. 
2. The stenosis of the thoracic aorta causes mean blood pressure in the 


carotid artery to increase more than the mean pressure in the femoral artery. 


REFERENCES 


1. Halsted, W. S.: Partial and Complete Occlusion of the Aorta and Other Large Arteries 
by Means of the Metal Band, J. Exper. Med. 11: 373-391, 1909. 

2. Reid, Mont R.: Partial Occlusion of the Aorta With Silk Sutures and Complete Occlusion 
With Fascial Plugs. The Effect of Ligatures on the Arterial Wall, J. Exper. Med. 
40: 293-300, 1924. 

Pearse, Herman E.: Experimental Studies on the Gradual Occlusion of Large Arteries, 

Ann. Surg. 112: 923-952, 1940. 

1. Owings, James C., and Hewitt, John F.: Successful Experimental Ligation and Division 
of the Thoracic Aorta, Ann. Surg. 115: 596-606, 1942. 

5. Blalock, Alfred M., and Park, Edwards A.: The Surgical Treatment of Experimental 
Coaretation of the Aorta, Ann. Surg. 119: 445-456, 1944. 

6. Hufnagel, C. A.: Permanent Intubation of the Thoracic Aorta, Arch. Surg. 54: 382-389, 

1947. 














Case Reports 


THE NEED FOR EARLY SURGICAL TREATMENT OF CONGENITAL 
ANOMALIES OF THE GREAT VESSELS 


Case Revort—CoarRcration or THE AortTA, PATENT DUCTUS ARTERIOSUS, 
AND Mycotric ANEURYSM 


WituiamM BativcnoK, M.D., CLEVELAND, OHIO 


(From the Department of Surgery, Western Reserve University, and the University Hospitals ) 


Hk purpose of this report is to direct attention to the group of congenital 

anomalies of the great vessels which formerly were incurable, and frequently 
fatal, but which now may be suecesstully treated by operation. Patent ductus 
arteriosus and coarctation of the aorta are two of the more common ones belone- 
ing in this group. 

This is a report of a patient who had both of these anomalies, unrecognized 
until complicated by a blood stream infeetion. Although the infection was 
eradicated by treatment with penicillin, it had already damaged the wall of the 
aorta. <A mveotie aneruysm developed, which bled into a bronchus on several 
occasions. Surgical treatment was considered at that time, but because the pa- 
tient was such a poor surgical risk, operation was deferred. The patient died 
from a massive hemorrhage into the lungs. 

This case emphasizes the desirability of early surgical treatment of these 


conditions before the development of complications which might then make the 


operation unsuccesst ul, 


CASK REPORT 





A 12-year-old white girl was admitted to the hospital because of fever, cough, and 
chest pain of one week’s duration. At the age of 3 years a diagnosis of congenital heart 
disease had been made on the finding of a cardiac murmur. Except for episodes of unex 
plained fever and night sweats she experienced no difficulty; her activity was unrestricted. 

Admission examination and laboratory studies revealed a clinical picture consistent 
with the following diagnoses: coarctation of the aorta, patent ductus arteriosus, enlarge 
ment of the heart, and bacteremia with emboli. The temperature was 40.5° C., respirations 
were 30 per minute, the pulse rate was 130 per minute, the blood pressure in the arm 150 mm. 
Hg systolic, 60 mm. Hg diastolic, and in the leg 90 mm, Hg systolic, 20 mm. Hg diastolic. 
The heart was enlarged, and a loud rumbling machinery-lke murmur was heard over the 
pulmonic area, The femoral pulse was not perceptible. The liver and spleen were enlarged 
and tender. The right big toe was swollen, red, tender, and painful. There were many 
large petechiae on the left foot. X-ray pictures of the chest showed minimal notching of the 
ribs and an enlarged heart with fullness of the pulmonary conus. The electrocardiogram 
showed a sinus tachycardia with alternation of QRS complex in Lead I. The hemoglobin 
content of the blood was 70 per cent, the white blood cell count 12.8 thousands, and the red 
blood cell count 3.9 millions. Blood cultures were made on several occasions and showed 
hemolytic Staphylococcus aureus. 

The clinical course over the next two months showed improvement under treatment with 
penicillin and other supportive measures. The fever subsided, the blood stream became 
sterile, and the peripheral infarcts healed. The patient had apparently recovered completely 


when she suddenly complained of back pain, coughed up bright red blood, became markedly 


eyanotic, and went into shock. Examination of the chest, clinically and by x-ray, revealed 
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atelectasis of the lower and middle lobes of the left lung, with displacement of the medias 
tinum to the left. The roentgenograms also showed a large shadow in the posterior upper 
mediastinum, which had not been present on previous examinations. The subsequent clinical 
course and further radiographic studies showed that the patient had developed a mycotic 
aneurysm of the aorta, which had ruptured into the left main stem bronchus. Angioeardio- 
grams showed concentration of the dye in the mediastinal mass, absence of dye in the de- 
scending aorta, and persistence of dye in the pulmonary conus, corroborating the clinical im 
pression of the triad—mycotic aneurysm, coarctation of the aorta, and patent ductus arterio 
SUS. 

The patient was seen in consultation by another doctor, who advised surgical inter 
vention and outlined a program of action. The patient was treated conservatively with 
sedation, oxygen, and small blood transfusions in the hope that she would recover sufficiently 
from the acute episode to permit the use of an anesthetic for Operation, The operative 


treatment planned would have required the excision of the aneurysm, and the resection of 





Fig. 1.—Drawing of the specimen showing patent ductus arteriosus, coarctation of the 
aorta, and the mycotic aneurysm of the aorta which ruptured into the left bronchus. A sec- 
tion of the aneurysm has been removed to show the vascular anomalies. 
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the narrowed and diseased avrta. In the event that the segment of vessel resected would 
have been too long to allow for a direct end-to-end anastomosis, two alternatives were con 
sidered as methods of closure of the vessel. The carotid or subclavian artery could be trans 
planted into the lower end of the aorta,’ or second, a free segment of autogenous vein or 
artery could be grafted between the open ends of the aorta.t Although due consideration 
was given to the magnitude of the planned procedure, it seemed to be the only recourse if the 
patient’s life were to be saved. Unfortunately, before the patient recovered enough to per 
mit operative intervention, she had three other episodes of hemorrhage, the last of which 
proved fatal. 

The post-mortem examination showed a localized constriction of the aorta which was 
located at the point of insertion of the patent ductus arteriosus (Fig. 1). Just distal to 
the coarctation, the anterior wall of the aorta was eroded, The mycotic aneurysm had de 
veloped from this point and had extended anteriorly between the left lung and _ the heart, 
and inferiorly to the left main stem bronchus, into which it had eroded, Both lungs were 
filled with blood. The aneurysm was firmly adherent to the surrounding vital structures, 
Although it was obvious that operation would not have been feasible in the presence of the 
complications that had developed, the treatment of these anomalies by surgery earlier in the 


course of this patient ’s life might have been successful. 


DISCUSSION 

This discussion will be limited to the subject of coarctation of the aorta, 
its diagnosis, complications, treatment, and a brief review of the literature. 

Bonnet® classified coarctation of the aorta into the infantile and adult types, 
corresponding to their occurrence in the two age groups. In the infantile type, 
there is a diffuse narrowing of the isthmus of the aorta between the subclavian 
artery and the point of entrance of the ductus arteriosus. This type is usually 
associated with patent ductus arteriosus and other congenital malformations 
within the heart, which are usually not compatible with life, death commonly 
occurring within the first few weeks. 

In the adult type the constriction is located at the point of insertion of the 
ductus arteriosus into the aorta, and is presumably due to the same process that 
causes normal obliteration of the ductus.'* For this reason, this localized con- 
striction of the aorta is usually associated with closure of the ductus and the 
development of extensive collateral arterial circulation. The immediate prog- 
nosis in this type is favorable, depending upon the volume of collateral blood 
supply in relation to the degree of constriction in the aorta. 

On the basis of the anatomic and the functional differences between the two 
types one would not expect to see very frequently a patent ductus arteriosus with 
coarctation of the adult type, as was found in the case presented. A review of 
the literature bears out this point. Abbott’s series? of 1000 cases of congenital 
heart disease contained 262 cases of patent ductus arteriosus and 178 eases of 
coarctation of the aorta. Of the latter, 70 were analyzed and only 6 cases were 
found to have a patent ductus. Evans’ reported 28 cases, 17 of which had a 
patent ductus. Of these, only 2 patients (aged 8 years and 30 vears) were in the 
age group past early infaney. Isolated cases have also been reported by Ulrich,'® 
Graham and Kerr,'? Fagin and associates,'’ and a few others. 

The diagnosis of coarctation of the aorta should present no difficulty, The 
patient will usually have a high blood pressure in the arms with a lower pressure 
in the legs, and a systoli¢ murmur of the heart transmitted to the back. X-ray 
examination of the chest may show notching of the ribs. Contrast roentgen 
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visualization of the great vessels will often demonstrate the point of constriction 
in the aorta." 

The prognosis of this disease is grave. In Abbott’s series! of subjects above 
the age of 2 years, the average age at death was 32 vears. Over 40 per cent die 
between the ages of 16 years and 30 years. There are three common complica- 
tions Which are usually responsible for the fatal outcome in these patients: 
aneurysm of the aorta with rupture, infection of the wall of the vessel with 
bacteremia, and hypertension with intracranial hemorrhage. 

The development of an aneurvsm might be expected to occur proximal to 
the coarctation, the segment of aorta which receives the greatest impaet with 
each cardiac systoli. However, a more common site for this complication is at, 
or distal to, the point of stricture. Abbott* reported 14 cases of aneurysm, 13 
of which were located at, or Just below, the point of constriction. The pathologic 
changes in the wall of the aorta, with kinking and wrinkling producing eddy 
currents, are reasons which have been offered to explain this occurrence. The 
aneurysm may eventually rupture into the pericardium, the esophagus, the 
pleural cavity, or the bronchial tree. 

Infection accounts for over 7 per cent of the deaths. It commonly results 
in damage to, and weakening of, the wall of the aorta, with the formation of a 
mycotic aneurysm. Although healing has been reported to oceur, rupture of 
the aneurysm is a frequent fatal consequence, Before the introduction of chemo- 
therapeutic agents into the medical armamentarium, the end result of infection 
of the blood stream in patients with congenital anomalies of the heart and great 
vessels Was uniformly fatal. Today chemotherapy offers some hope to these pa- 
tients if treatment can be instituted before the tissue damage has caused second- 
ary complication. However, there are many problems which often present them- 
selves for solution. Chief among these are drug toxicity, resistance of the in- 
fecting organism to the chemotherapeutic agent, recurrence of infection, and, 
finally, complications resulting from discharge of infected emboli. The recent 
discovery of coronamide, which acts to maintain high blood levels of penicillin 
hy increasing its retention after administration, has eliminated to a great ex- 
tent the problem of resistance of organisms ordinarily sensitive to penicillin. 

Finally, hypertension of the arteries of the head, neek, and upper ex- 
tremities often causes the patient disturbing and frequently incapacitating 
symptoms, such as headache and attacks of fainting. The secondary atheroma- 
tous and degenerative changes which later develop in the cerebral vessels may 
result in brain hemorrhage early in adult life. Early cardiac failure may also 
occur in these patients. 

It is interesting that although the disease was deseribed by Morgagni as 
early as the year 1760, it was not until 1945 that treatment was fortheoming. 
Crafoord® and Gross,'* each independently, described a direct approach aimed 
at the surgical correction of the deformity. They resected the coarctated seg- 
ment of the aorta and performed an end-to end suture anastomosis. Their re- 
ported results are very gratifying, offering new hope for a cure for a previously 
irremediable disease. The operation is best suited to coarctation of the adult 
type, and should be done at an early age. The procedure becomes progressively 
more difficult in patients past teen age. Where resection is not feasitble, as in 
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the older age group, or in those patients whose coarctation extends over a long 
segment of the vessel (infantile type), a shunting procedure can be done by 
anastomosing the subelavian artery, or the carotid artery, into the aorta distal 
to the point of constriction.” This may relieve to a great degree the excess work 
of the heart, and abolish the symptoms referable to cerebral hypertension. 

More recently experimental work‘ has indicated that free autogenous grafts 
of vein or artery may be used to replace resected segments of diseased aorta. 
This new concept may soon be extended to include homologous vein and artery 
eratts in the treatment of this and other diseases of blood vessels where resection 
is indicated, vet continuity of the vascular trunk must be preserved. 

Since the successful treatment of this condition has been reported, interest 
in this and other congenital anomalies of the great vessels has increased. Liga- 
tion, or more recently section and suture, is now the generally accepted treat- 
ment for patent ductus arteriosus. Surgical interruption of congenital vascular 
rings around the trachea has also become the accepted therapy for these anoma- 
lies, now that the recognition of this condition has become more common. Like- 
wise, by the early recognition of the syndrome of coarctation of the aorta, and 
with the knowledge of the ultimate grave prognosis of this disease, surgical 
treatment may be extended to these patients before the development of fre- 
quently fatal complications. It is hoped that this report will serve the purpose 
of stimulating further interest in the treatment of this condition, as well as to 


emphasize the seriousness of the disease, as demonstrated by the case presented. 
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THE SURGICAL CORRECTION OF CONGENITAL EVENTRATION 
OF THE DIAPHRAGM IN INFANCY 


Davip State, M.D., MINNEAPOLIS, MINN 


nena ate of the diaphragm is characterized by the presence of an 
intact leaf of the diaphragm, which, however, has an abnormally high 
position. In the congenital variety of eventration there is no apparent cause 
for the abnormality. The condition is rare and is usually symptomless. How- 
ever, in the occasional case, particularly in infants, there may be definite 
symptoms associated with eventration of the diaphragm and it then presents an 
interesting problem in therapy. <A ease of congenital eventration of the dia- 
phragm in a 6-week-old male infant with successful outcome is herein reported. 


REVIEW OF THE LITERATURE 

Petit! was the first to deseribe the condition. A ease report with post- 
mortem findings appeared in his writings published in 1774. Isolated case 
reports appear subsequent to this publication, but in 1913 Bergmann? reviewed 
the literature up to that date and collected 31 cases. In 1916 Bayne-Jones® 
reported on 45 eases, including one of his own. Korns,* in 1921, was able to 
collect 55 eases from the world’s literature and in 1935 Reed and Borden’ re- 
ported on 183 cases, most of which were in adults. During the recent war 
Kinzer and Cook® found congenital eventration of the diaphragm in 35 instances 
in 412,149 inductees who received routine roentgenograms of the chest. The 
eventrations were mostly on the left side and were entirely symptomless. 

The number of eases reported of eventration in infants is extremely small. 
Up to 1916 Bayne-Jones® found 3 cases; in each instance the diagnosis was made 
at post-mortem examination. Reed and Borden’ found only 5 cases of eventra- 
tion in infaney and from 1935 to 1948 9 additional cases have been reported. 
This probably does not represent the true incidence of the disease because many 
cases are not recognized and, in addition, there are probably a number of cases 
that have been observed but not reported. 

The preponderance of involvement of the diaphragm has been on the left 
side in practically all reports. In 183 patients of all ages, Reed and Borden’ 
found only 18 eventrations on the right side. 

As far as can be determined in a survey of the literature, operative repairs 
of the diaphragm have been done in only seven eases.$ In all of them the dia- 
phragm has been lowered by means of excision of a segment of the diaphragm or 
by plication. Most of the eases in the past have been approached through the 
thorax. In the cases reported, one patient died three days after operation and in 
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the others, two obtained partial and three complete relief. The ages of these 


patients varied from 10 to 44 years. Bisgard’* reported recently a case of even- 
tration of the diaphragm in a male infant, 6 weeks of age, which was handled by 
means of a transthoracic approach with plication of the diaphragm. As far as 
ean be determined this was the first reported case of surgical cure of this con- 
dition in an infant. The ease reported here then constitutes the seeond such 
successful ease. 

CASE REPORT 


R. M. (No. 779486), a 6-week-old, white male infant, was admitted to the University 
Hospital on June 9, 1947, because of spells of dyspnea and cyanosis on feeding and erving. 
The baby’s mother first noted the breathing difficulty on the second postnatal day, Because 
of these bouts of cyanosis and dyspnea the baby had failed to gain weight at a proper rate. 
The prenatal period was essentially normal but the mother was in labor fifteen hours and 
delivery of the baby was by means of forceps. The baby was cyanotic for a considerable 


length of time immediately after birth and oxygen was needed to combat the cyanosis. 


Preoperative roentgenogram of chest showing high position of right diaphragm and 
mediastinal shift. 


Examination on admission revealed the baby to be well developed, somewhat under 
nourished, and in no acute distress. The respirations, however, were rapid and when the 
baby cried or took feedings he developed cyanosis. The entire right thorax anteriorly had a 
hyperresonent note to percussion, while over the left apex the note appeared to be somewhat 
dull. 3eginning at the anterior axillary line, the right chest was dull to percussion, both 
laterally and posteriorly, and on auscultation the breath sounds were decreased on the right 
side posteriorly. In addition, there were occasional rales on expiration and inspiration on 
the right side posteriorly. The Wassermann tests of the blood of both baby and mother were 
negative. 

The chest roentgenogram (Fig. 1) showed the position of the liver to be high in the 


right thorax but there was no evidence of bowel in the chest cavity. There was considerable 















SURGICAL TECHNIQUE 463 


shifting of the mediastinum to the left. Fluoroscopic examination of the chest revealed 
definite paradoxical movements of the liver on the right side during respiration. The diagnosis 
was either eventration of the right diaphragm or possibly a diaphragmatic hernia. These 
examinations failed, however, te differentiate definitely between the two. Beeause of the 
high position of the right diaphragm with atelectasis of the lung and the cVvanosis on feeding 
and crying, it was felt that exploration should be done and the defect in the diaphragm 


corrected, Operation was undertaken on June 1S, 1947. 


i 


es are. 





Costal “etfach . 






ete meme 





ena cava 


ys 


Fig, 2.—Anterior portion of eventrated diaphragm is sewn to costal attachment of diaphragm. 
Insert, Subcostal incision utilized in the case reported. 


Operative Procedure.—The anesthesia utilized was 4% per cent procaine with two drops 
Of Yoong adrenalin hydrochloride to the ounce for local infiltration of the anterior abdominal 
wall. This was supplemented with oxygen and cyclopropane administered through a tight 
fitting mask. The abdomen was opened through a subecestal incision in the right upper 
quadrant (Fig. 2). On entering the peritoneal cavity it was noted that the diaphragm was 
high in position with the apex reaching to the level of the second interspace anteriorly. As 
there were, however, no defects in the diaphragm, the diagnosis of eventration of the right 
diaphragm was established. The left diaphragm was low and bulged convexly inferiorly 
indicating the presence of considerable emphysema of the left lung. The right diaphragm, 
although high in position, seemed to be normally developed with considerable muscular tissue 
at the circumference of the diaphragm and a rather thick central tendinous trefoil. It was 
felt that the child’s symptoms of cyanosis and dyspnea were due mainly to atelectasis of the 


right lung and mediastinal shift and an attempt should be made to correct the high position of 
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the diaphragm. Accordingly, the anterior portion of the diaphragm was grasped with forceps 
and brought down and attached to the circumference of the costal margin of the diaphragm 
anteriorly (Fig. 3). This first step produced considerable lowering of the diaphragm but the 
posterior portion still was high. This posterior portion of the diaphragm was then grasped 
with the forceps brought down and sewn to the crus of the diaphragm medially and to the 
renal fascia laterally (Figs. 8 and 4). The abdominal surface of the right diaphragm was 
now at the level of the costal margin anteriorly and the transverse process of the twelfth 


rib posteriorly. The suture material utilized was 000 Deknatel silk. 


ae ri 


-Posterior portion of eventrated diaphragm is sewn to crus of diaphragm. 


The liver, as in the cases of diaphragmatic hernia, had no peritoneal attachment to the 
diaphragm, consequently, it could be easily mobilized and brought down inferiorly and on to 
the anterior abdominal wall so that the repair could be carried out on the diaphragm without 
interference from the liver. When this stage of the operation was completed it was felt that 
it would be best not to suture all the layers of the anterior abdominal wall at this time 
because undue pressure would be exerted on the newly constructed diaphragm, The skin was 
thus brought over the abdominal viscera without any attempt being made to close the muscular 
and fascial layers of the abdominal wall (Fig. 4). The patient withstood this operation nicely. 
A nasal tube was left into the stomach for decompression purposes for twenty-four hours. 
The position of the diaphragm as indicated by the roentgenograms immediately postopera- 
tively showed there was considerable lowering of the right diaphragm. There was also con- 
siderable clearing of the ateleectatie changes in the lung and improved position of the 
mediastinum (Fig. 5). 

The patient was discharged from the hospital on July 7, 1947, with the wound well 
healed but with considerable bulging of the incision as was to be expected from the fact that 


only skin was utilized for closure. On June 20, 1948, approximately one year later, after 
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considerable growth had occurred, the infant was readmitted to the University Hospital and 
a repair of the ventral hernia carried out. The abdominal layers on either side of the incision 
came together nicely and without undue tension. X-ray pictures of the diaphragm subsequent 


to this repair of the ventral hernia showed that the rig 


ht diaphragm remained in good posi 


tion as can be seen from Fig. 6. 
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? Fig. 4.—Suturing of posterior portion of eventrated diaphragm to renal fascia completed. 
Note thickness of diaphragm and renal fascia. Insert, Abdominal wall closure; skin and 
subcutaneous tissue. 


DISCUSSION 


There has been no satisfactory explanation of the cause of congenital 
eventration of the diaphragm. Reed and Borden® reviewed the pathologie 
descriptions of the cases reported and have found that only in a few instances 
have there been adequate descriptions of the tissues. In these cases the 
diaphragm was a thin, translucent membrane and had only a few atrophied 
musele fibers at the periphery of the diaphragm. Sailer and Rhein’ found 
numerous muscle fibers at the periphery of the diaphragm in the eases 
they studied, but in most instances the muscle fibers were markedly atrophied. 
Motzfeldt'® reported fatty infiltrations and atrophy with fatty changes in the 
musele of the eventrated diaphragm. In most instances the phrenie nerve has 
been without unusual changes. However, Morrison"! described a number of 
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Fig. 5.—Postoperative (three days) roentgenogram of chest. Note lowering of right diaphragm 
and position of mediastinum. 


Roentgenogram of the chest one year postoperatively. Note position of right diaphragm 
and mediastinum. 
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cases In which there appeared to be fibrous tissue masses involving the phrenie 
nerve, which could thus explain the eventration. 

Other congenital abnormalities are usually associated with the eventration 
of the diaphragm as in Korns’”! case where there was lobulation of the lune and 
in Rosenfeld’s'* case where there was complete inversion of the stomach. Other 
abnormalities which have been reported are nonrotation of the colon, megacolon, 
hypospadias, and harelip. 

Although the symptoms described in this ease were essentially associated 
with the respiratory tract, Reed and Borden’ also ealled attention to the faet 
that there may be symptoms associated with circulatory and gastrointestinal 
systems. Those symptoms which are associated with the gastrointestinal tract 
are, in order of frequency, abdominal pains, vomiting, dyspepsia, constipation, 
dysphagia, and heartburn. The cardiae symptoms that have been noted consist 
of palpation, tachyeardia, and cyanosis. 

The diagnosis of the condition is usually established by means of x-ray 
examination of the chest, although in some instances it may be difficult to 
differentiate between eventration of the diaphragm and a diaphragmatic hernia. 
Introduction of oxygen into the peritoneal cavity with subsequent chest plates 
or fluoroscopic examination of the chest in the upright position may help to differ- 
entiate between the two conditions. However, it must be remembered that there 
have been a number of fatalities with the use of oxygen’? in cases of diaphrag- 
matic hernia, so that this procedure must then be used with caution. 

In the ease described, the surgical approach has been different in a number 
of aspects from other cases previously reported. The diaphragm is lowered by 
‘‘tenting’’ caudadward in several planes and it is then fixed in this new position 
by suturing the diaphragm to the costal margin anteriorly, and to the erus of 
the diaphragm and renal fascia posteriorly. It is surprising to find out how 
firm and thick the renal fascia is in infants of this age and how well this sub- 
stance will permit suturing. The same observation has been made by Weinberg’™® 
in the repair of congenital hernias of the diaphragm. The plan of closure of the 
abdominal wall in two stages also permits stabilization of the diaphragm until 
readjustment of the viscera to the small peritoneal cavity has occurred and 
prevents undue pressure upon the newly sutured diaphragm until healing is 
complete. 

It was surprising to note the thickness of the diaphragm, for in the adult 
‘ases of eventration, the diaphragm is tissue-paper thin and translueent. It 
would be difficult to do a surgieal repair on such thinned and atrophied dia- 
phragms. The well-developed diaphragm in infaney, on the other hand, lends 
itself nicely to surgical correction. 


CONCLUSION 








A ease of eventration of the diaphragm in a 6-week-old male is reported. 
The malposition of the diaphragm was apparently responsible for the develop- 
ment of cyanosis and dyspnea while the infant was feeding or erying. The 
successful surgical correction of the eventration was accomplished through an 
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abdominal approach utilizing a method of tenting and fixation of the diaphragm, 
as well as a two-stage closure of the abdominal wall. 


1. 
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Editorial 


The Increasing Frequency of Injury of the Common Bile Duct 
and Hepatic Duct 


A THOROUGH knowledge of the anatomy of the biliary tract, including the 
anomalies which may be found, accurate exposure, and lighting of the 
operative field are absolute necessities for safe biliary surgery. In the absence 
of these factors, serious injuries of the common bile duct, the hepatie artery and 
its main branches, and the portal vein may easily occur. Injuries occasionally 
will oceur under the best of conditions, but they may be recognized and cor- 
rected immediately much more easily and with better results than they can be 
at a secondary operation. 

The importance of previous operations on the biliary tract as a cause of 
stricture of the common bile duct is indicated by the fact that all but two of the 
165 patients on whom one of us (W. W.) has operated for such stricture pre- 
viously had undergone an operation of the biliary tract. The fact that profuse 
drainage of bile from the wound, and jaundice, dark urine, or acholie stools, or 
several of these findings occurred within a few days after the original operation 
supports the contention that the bile duet was injured at the original operation 
with resulting stricture. A review of the literature will disclose only a few cases 
in which extensive contracture of the bile duets has oceurred as a result of 
infection in the biliary tract or in adjacent structures and in which operation 
has not been performed previously. Stricture of the bile ducts is an extremely 
serious condition, but it is by no means hopeless even after several unsuccessful 
attempts at repair. 

From 1924 to 1939 inclusive, one of us (W. W.) operated in 98 eases of 
henign stricture of the common bile duet at the Mayo Clinie. In 18 of the 98 
eases the patients had a complete stricture of the extrahepatic duets. In the 
remainder, biliary intestinal continuity was established at operation. Ten pa- 
tients died in the hospital after the operation. In 4 of the cases, death was due 
to postoperative hemorrhage. In these 4 cases, the operation was performed 
before the advent of vitamin K. <A follow-up study made in 1940 revealed that 
)2 of the 98 patients were living and well. 

From January, 1940, to July, 1942, and from January, 1946, to January, 
1948, operation was performed in 67 additional eases. In these eases, a total of 
126 operations had been performed on the biliary tract before the patients came 
to the elinie. In 2 of the cases (3 per cent), the patients died postoperatively. 
In one of these eases, death was due to hepatie and renal insufficieney ; in the 
other case, it was due to pelvie and subphrenie avscesses which followed disrup- 
tion of a hepaticoduodenal anastomosis. 

In 51 of the 67 cases, only one operation for the repair of a stricture of a 
bile duct was performed at the clinic. Follow-up data were obtained in 41 of 
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the 51 eases. The result of the operation was satisfactory in 31 of the cases. 
Two of the patients died of disease of the liver after they had been dismissed 
from the elinie but they did not require a subsequent operation on the bile duets. 
In 14 of the 67 cases, at least one subsequent operation was performed on the 


biliary tract at the clinic. Follow-up data are available in 10 of the 14 cases. 


Six of the 10 patients have not had any symptoms of biliary obstruction since 


they left the clinie; 3 have had mild symptoms of biliary obstruction at infre- 
quent intervals, and 1 patient is free of symptoms after the third operation at 
the elinie. 

In general, it may be said that one operation for the repair of stricture 
of the bile duct has produced a satisfactory result in 60 per cent of cases. In 
an additional 10 per cent of cases, the patients will have an occasional] attack 
of recurrent cholangitis but they will not require another operation for relief 
of the stricture. Twenty per cent of the patients will require another operation 
beeause of the recurrence of biliary obstruction. About 10 per cent of the pa- 
tients will die of disease of the liver within a few years after the first operation 
is performed. 

If possible, the ends of the duct should be anastomosed over a catheter which 
is permitted to extend into the duodenum and is anchored in place for three to 
six months with a silk suture which passes through a button on the skin, as ad- 
voeated by MeArthur. Intestinal peristalsis will pull out the catheter when the 
anchoring silk thread is removed. The results of this operation usually are 
excellent. If the stricture is extensive, it may be necessary to perform a chole- 
dochoduodenostomy or a hepaticoduodenostomy. In performing either of these 
operations, accurate anastomosis is essential. The anastomosis is usually but not 
always made over a Mayo-Sullivan tube in order to prevent the circular contraec- 
ture that oceurs in varving degree in the following three months. Lately, we 
have used a Mayo-Sullivan tube made of polythene, a polymer of ethylene, which 
is nonwettable by bile. This tube is maintained at the site of the anastomosis 
by a silk thread which is brought to the exterior of the body and anchored to a 
button. 

An accurate anastomosis is the most important factor in preventing reeur- 
rent stricture and ascending cholangitis. Infection does not occur unless ob- 
struction is present. In eases in which chills, fever, and pain occur with or 
without jaundice after an operation has been performed for stricture of the com- 
mon bile duct or hepatic ducts, an exploratory operation discloses a stricture of 
small caliber or a contracture at the site of the anastomosis. Tubes are useful 
as splints at the site of the anastomosis and to prevent contraction of the sear 
tissue during the first several months after the operation. After that they may 
be a hindrance to the passage of bile and may become obstructed with bile salts 
and bile pigment. This has happened frequently in tubes made from Vitallium 
or rubber, but so far it has not been evident in tubes made of polythene. 

Penicillin administered with or without streptomycin is preferable to the 
sulfonamide drugs in the treatment of cholangitis, but it will produce only tem- 
porary relief until the obstruction is removed. Sulfadiazine administered for a 
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few days or a week each month will sometimes control residual cholangitis. Vita- 
min K has been of utmost importance in reducing the danger of postoperative 
hemorrhage. 

Strictures of the bile ducts, which seem to be increasing each decade, and 
especially since the war, are nearly always the result of injury of the bile ducts 
at the time of operation. Careful exposure and dissection and an accurate 
knowledge of the regional anatomy are necessary to avoid these injuries. <Al- 
though the dangers of biliary operations for stricture are less and the results 


better than they were formerly, stricture of the bile ducts remains a very serious 


condition but is never a hopeless one. 


—Waltman Walters, M.D. 
Spencer K. Phillips, M.D. 


Rochester, Minn. 
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FACTITIAL (IRRADIATION) PROCTITIS 
A CLINICOPATHOLOGIC Stupy oF 200 CASES 
MaRION S. Craic, Jr., M.D..* anp Louis A. Bute, M.D.,t RocHESTER, MINN. 


HE introduction of radium and roentgen rays as therapeutic agents is re- 

sponsible for a previously nonexistent type of rectal and sigmoidal lesion. 
Irradiation may affect normal tissues as well as those which are diseased. Ex- 
perience has proved that benign lesions of the rectum, sigmoid, and small bowel 
may develop in some patients after irradiation of extrarectal pelvic conditions, 
usually carcinoma of the uterine cervix, and that these lesions may produce 
symptoms similar to those caused by carcinoma. 


PRIOR STUDIES 

The term ‘‘factitial proctitis’? was used for the first time by Malmgren and 
one of us' in 1930 to designate the benign lesions which sometimes involve 
the walls of the rectum or sigmoid after the use of radium or roentgen rays 
in the treatment of lesions of pelvie structures adjacent to the rectum. 
‘Radiation proctitis’’ and ‘‘radium burn of the rectum’’ also have been employed 
by other authors to designate this condition. 

The first report of a rectal lesion which developed after irradiation of an 
extrarectal process was made by Fiith and Ebeler? in 1915. The report of 
Malmgren and one of us! 
proctitis contained the first published description of the proctoscopic appear- 
ance of the lesions. In 1937 Bacon® reported thirty-nine cases. He divided 


in 1930 coneerning 65 patients who had factitial 


the pathologic changes in the rectum into three stages: (1) the stage of 
congestion or hyperemia, (2) the stage of ulceration, and (3) the stage of 
formation of stricture. In 1942 Aldridge* reported thirty-eight cases. He 
described three types of the condition: (1) acute localized proctitis or procto- 
sigmoiditis, (2) ulceration of the mucosa and wall of the intestine, and (3) 
perirectal fibrous tissue. These and other reports indicate that factitial proctitis 


now is considered to be a clinical entity. 
NATURE OF PRESENT STUDY 


The present study includes the records of 200 patients who received irradia- 
tion therapy for benign or malignant extrarectal conditions, and in whom a 
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factitial lesion was discovered at proctoscopiec examination. The majority of 
these patients came to the Mayo Clinie because of symptoms referable to the 
rectum, but in some the rectal condition was of minor importance. Some pa- 
tients had received irradiation elsewhere and were examined at the elinie only in 
order to determine if additional irradiation should be administered. 

In this study, four gross specimens were studied, as were also twenty-four 
specimens obtained at biopsy from patients other than those from whom the four 
eross specimens were removed. The tissue had been preserved in formalin for 
periods ranging from ten months to fourteen vears. Blocks of tissue whieh in- 
cluded the entire thickness of the bowel and a portion of the perirectal tissue 
were examined microscopically. Fixed sections, prepared by the frozen section 
technique and stained with hematoxylin and eosin, were made. An amyloid stain 
was used on several sections from one lesion. 

All patients were women; 186 (938 per cent) had received irradiation treat- 
ment of a malignant lesion situated in an extrarectal pelvic organ. The remain- 
ing 14 (7 per cent) patients received irradiation of a benign pelvie process. The 
conditions for which irradiation was administered are shown in Table I. 


TABLE I, FACTITIAL (IRRADIATION) PROCTITIS: LESIONS FOR WHICH IRRADIATION WAS 
ADMINISTERED IN 200 CASES 


LESION OR CONDITION CASES | PER CENT 
Carcinoma of cervix uteri 165 82.5 
Carcinoma of fundus uteri : 12 6.0 
Carcinoma of ovary 6 3.0 
Carcinoma of vagina 3 1.5 
Benign menometrorrhagia 6 3.0 
Benign tumor of uterus D 2.5 
‘*Uleer’’ of cervix 2 1.0 
Persistent backache l 0.5 
Totals. a inal alin ail POO 100.0 


Kactitial rectal and sigmoidal lesions occurred after irradiation with radium 
alone, roentgen rays alone or after a combination of both radium and roentgen 
rays. Eighty-two (41 per cent) patients received all irradiation at the Mayo 
Clinic, 14 (7 per cent) received a portion of it at the Mayo Clinic, and 104 (52 
per cent) received all irradiation elsewhere. The 96 patients who received either 
all or a portion of the irradiation at the Mayo Clinie had malignant extrarectal 
lesions. 

SYMPTOMS 


Because of the nature of the primary pelvie disturbance, patients such as 
these under discussion become very observant. They watch their daily habits 
carefully. When a patient who has had pelvic irradiation therapy complains of 
symptoms concerning the bowel, the following questions should arise in the mind 
of the physician. 

Are the signs and symptoms caused by an extension of the extrarectal 
process, with secondary involvement of the bowel? Are they caused by a separate 
primary rectal or sigmoidal malignaney? Are they caused by the development of 
a factitial lesion in the bowel? 

















474 SURGERY 


Although the great majority of factitial lesions oceur in women, they have 
developed in men after the irradiation of tumors of the bladder and prostate 
gland. 

In order of frequency of occurrence, symptoms were rectal bleeding, diar- 
rhea, rectal pain, rectal tenesmus, constipation, and abdominal cramping. In the 
majority of cases various combinations of these symptoms were present or had 
been present at some time. 

Rectal bleeding was a predominant svmptom in 1538 (76.5 per cent) of the 
200 cases. In most of the remaining 47 patients who had not noticed rectal 
bleeding, slight bleeding from the injured mucosa was observed on examination. 
In 90 per cent of the patients with bleeding, the blood was slight to moderate in 
amount, and in the remainder it was marked. Most patients who mentioned 
rectal bleeding had no ulceration in the rectum or sigmoid. The bleeding in these 
instances arose from small telangiectatic vessels in the mucosa. 

Diarrhea was a symptom in 71 (35.5 per cent) of the 200 patients. We 
distinguished between true diarrhea and a rectal discharge usually accompanied 
by rectal tenesmus and which, because of its frequency of occurrence, simulated 
diarrhea. Brief episodes of diarrhea which followed irradiation were not in- 
cluded. In about 90 per cent of the eases, diarrhea was mild to moderate in 
degree; in the remainder it was marked. It was most common when the bowel 
was ulcerated or contracted. 

Rectal pain occurred in 64 (82 per cent) of the 200 patients. Usually, it 
was predominant in patients who had rectal or sigmoidal ulceration. The site 
of pain varied; patients had difficulty in describing it accurately. Because the 
nerve supply cephalad to the pectinate line is autonomic, it is difficult for pa- 
tients to localize discomfort accurately in that area. One-half of the patients 
with severe rectal pain had pelvie or perirectal infiltration. 

Four patients had a rectovaginal fistula. When first examined, 3 of them 
had experienced constant severe rectal pain prior to the development of the 
fistula. The pain was relieved after the fistula appeared. 

Rectal tenesmus was a symptom in 49 (24.5 per cent) patients. These pa- 
tients complained of a constant and urgent desire to defecate, and only bloody 
mucus was expelled as a rule. An uncomfortable sensation persisted after 
expulsion of the discharge, as if the evacuation had been incomplete. Tenesmus 
was complained of frequently by patients who had rectal or sigmoidal ulceration, 
but 3 of the 5 patients who complained chiefly of rectal tenesmus had proctitis or 
sigmoiditis without ulceration or stricture. In such instances, the inflammatory 
process usually was severe. 

Constipation was complained of by 38 patients (19 per cent), and abdominal 
eramps by 31 (15.5 per cent). The incidence of abdominal cramps was highest in 
the patients who had rectal or sigmoidal stricture. 

Eleven patients complained of urinary distress. In each of these patients 
factitial cystitis, with or without ulceration, was found on eystosecopie examina- 
tion. 

Symptoms referable to the rectum occurred during the course of irradiation 
in 8 (4 per cent) of the 200 patients; they appeared in 55 (27.5 per cent) during 
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the first week after termination of irradiation; they developed in 23 (11.7 per 
cent) during the second through the fourth week; by the end of the third month 
symptoms had appeared in slightly more than one-half (52.5 per cent) of the 200 
patients. In 35 (17.8 per cent) of the 200 patients symptoms developed during 
the next three months; in 21 (10.7 per cent) patients symptoms developed dur- 
ing the third three-month period; and in 10 (5.1 per cent) patients the symptoms 
did not appear until the fourth three-month period. Among the remaining pa- 
tients symptoms developed in 13 (6.6 per cent) during the second year; in 8 
(4 per cent) during the third; in 4 (2 per cent) during the fourth; in 1 (0.5 
per cent) during the fifth; and in 1 patient symptoms did not appear until 
63 years after completion of irradiation. Four of the 200 patients did not 
mention symptoms referable to the bowel. These 4 were examined procto- 
scopically because the clinician had noted abnormal signs on digital examination 
of the reetum during a routine examination. 

Of the 27 patients in whom symptoms developed one year after irradiation, 
20 had proctitis or sigmoiditis without ulceration or stricture, + had ulceration 
with stricture, and 3 had stricture with ulceration. The time of onset of svmp- 
toms appears to have no relationship to the type of factitial lesion, 


SITE OF LESION 


The middle third of the anterior wall of the rectum was the most frequent 
site of factitial lesions. Of the 66 instances of ulceration, 37 (56 per cent) 
involved that area. In two cases a lesion was confined entirely to the right rectal 
wall, in one only the left rectal wall was involved, and in another there was a 
lesion on the anterior wall and a separate lesion on the posterior wall. Some 
lesions involved the entire circumference of the bowel. Strictures were found in 
each segment of the reetum and sigmoid except the lowest third of the reetum. 

The location of the factitial lesion in the 200 cases was as follows: in 13 
patients it was confined entirely to the lowest third of the rectum; in 75, to the 
middle third; in 37 to the upper third; in 27 to the rectosigmoidal area; in 18 the 
lesion was found only in the sigmoid. The entire rectum was involved diffusely 
in 10 instances. In 7 the involvement included the middle and upper third parts 
of the rectum, and in 2 the upper third part of the reetum, the rectosigmoid, 
and the sigmoid were involved. In the remaining 38 cases the midrectum, recto- 
sigmoid, and sigmoid were concomitantly involved by factitial proctitis and 
sigmoiditis, and the upper third part of the reetum was normal. Thus, the 
lowest third portion of the rectum was involved in 26 (13 per cent) patients, the 
middle third portion in 108 (51.5 per cent), the upper third portion in 56 (28 
per cent), the rectosigmoid in 36 (18 per cent), and the sigmoid in 22 (11 per 
cent ). 

TYPES OF LESIONS 

According to morphologic characteristics and pathologie anatomy, six types 
of factitial lesions are observed. Examples of all types of factitial lesions except 
those complicated by fistulas were found in the sigmoid, rectosigmoid, as well as 
in the rectum. Thirteen of the patients in whom the lesion was located at or 
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above the level of the rectosigmoid had received only intravaginal or intra- 
uterine irradiation with radium. 

Proctitis or Sigmoirditis Without Ulceration or Stricture (Table II).—<Acute 
lesions in these conditions are characterized by edema, hyperemia, and excess 
secretion of mucus. Spasm of the wall of the bowel usually is associated. Edema 
and redness generally are most prominent during this stage. During the healing 


stage the mucosa is pale, and telangiectasis is seen. After complete healing 


patients may complain of rectal bleeding. The source of the blood is the 
delicate telangiectatic vessels. As a rule, the light swabbing of such an area with 
a cotton applicator is sufficient to cause oozing of blood. 


TABLE II. FAcTITIAL (IRRADIATION) PROCTITIS: NATURE OF LESIONS IN 200 CASES 


LESION CASES PER CENT 

Factitial proctitis or sigmoiditis without ulceration or stric 

ture 106 Bo 
Factitial proctitis or sigmoiditis with ulceration and with 

out stricture 17 23.0 
Factitial proctitis with rectovaginal fistula and without 

stricture 3 id 
Factitial proctitis or sigmoiditis with stricture and with 

out uleeration 24 12.0 
Factitial proctitis or sigmoiditis with ulceration and _ stric 

ture 19 9.5 
Factitial proctitis with rectovaginal fistula with stricture l 0.5 
‘Totals _ 200 100.0 


Proctitis and Siqgmoiditis With Ulceration and Without Stricture (Table 
IT).—In these conditions the factitial uleer presents a characteristic appearance. 
Proctitis or sigmoiditis with telangiectasis is observed adjacent to the ulcer. In 
most instances the ulcer is oval or irregularly circular, and involves from one to 
all layers of the wall of the bowel. The base of the ulcer lies below the level of 
the margins and is covered with a tenacious, silvery gray membrane. In some 
instances, it is covered with dirty gray debris which can be removed. In several 
instances in this series we found that the base of an ulcer was a part of the 
vaginal wall. Ulcers may be observed at all periods of the disease. In some 
instances the ulcer bleeds profusely. 

In our experience, the earliest diagnosis of a factitial uleer was made two 
weeks after completion of irradiation, More than one ulcer was observed in only 
4 cases. The single ulcer is one of the usual characteristics of the condition. The 
diameter of the ulcers varied from 0.5 to about 6 em. 

Proctitis or Sigqmoiditis With Stricture and Without Ulceration (Table 
I7).—In such a condition telangiectasis was always present in the mucosa. The 
strictures were characteristically smooth and svmmetriecally narrowed, except in 
the eases in which perirectal infiltration was present. In one-half of the cases 
the fibrous process was limited to only the wall of the bowel, as evidenced by 
its mobility. In the other half, the stricture was part of a dense pelvie mass 
which tended to immobilize the terminal portion of the bowel. 

Twenty-four patients had this type of lesion. In 4 patients the area of 
ereatest constriction was in the midrectum; in 6 it was in the upper part of the 
rectum; in 7 it was In the rectosigmoidal area; in 7 it was in the sigmoid. The 
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earliest diagnosis was made four months after completion of irradiation. The 
diameter of the strictured areas averaged 1 to 1.5 em. 

Proctitis or Sigmoiditis With Ulceration and Stricture (Table I1).—Some- 
times the ulcer involves only a small area. In other instances, a larger portion is 
involved; and in still others the entire stricture is uleerated. Nineteen patients 
had this type of lesion. In 7 the area of greatest involvement was in the mid- 
rectum; in 3 it was in the upper part of the rectum; in 6 it was in the recto- 
sigmoidal area; in 3 it was in the sigmoid. The earliest diagnosis in this group 
was made two months after completion of irradiation, The average diameter of 
the lumen of the stricture was 1.5 em. 

Proctitis With Rectovaginal Fistula (Table I1).—The fistulas were located 
in an area of factitial proctitis which extended various distances from the 
margins of the fistulas. They were lined by a grayish membrane. The 
smallest was 0.5 em. in diameter and the largest was 2.5 em. Contraction 
of the rectal lumen was seen in 1 patient. 

Other Associated Conditions.—Various degrees of induration and fixation of 
the involved areas were noted in most of the cases. Perirectal infiltration was 
present in 110 (55 per cent) of the 200 patients at the time of the initial proe- 
toscopie examination. Slight infiltration was present in 24 cases, moderate 
infiltration in 40, and marked infiltration in 46. The degree of perirectal infiltra- 
tion did not appear to have any relationship to the severity of symptoms, The 
incidence of symptoms of obstruction was no greater among the patients with 
stricture and extensive perirectal infiltration than it was among those with 
stricture in a freely movable bowel. Frequently the examiner finds that the 
‘“‘feel’’ of perirectal infiltration is similar to that imparted by a malignant 
process. Often the problem of determining the presence or absence of cancer is 
difficult, but it must be decided in every patient as the physician contemplates 
the type of treatment which is required. 


ROENTGENOLOGIC EXAMINATION 


Roentgenologie examination of the colon by administration of a barium 
enema was performed for 37 of the 200 patients. In 10 patients a constriction 
with or without mucosal ulceration was observed in the sigmoid beyond the reach 
of the sigmoidoscope. In 3 patients the constriction observed during roent- 
genologie examination was identical to that visualized on proctosigmoidoscopic 
examination, and in each instance the roentgenologist was able to distinguish the 
lesion from carcinoma. 


CLINICAL COURSE 


One hundred thirty-nine of the 200 patients were examined only onee with 
the proctosigmoidoscope. Sixty-one patients had follow-up examinations over 
periods of one month to fourteen years. Of these 61 patients, 43 had lesions 
which either healed during the period of observation, began to heal, or remained 
essentially the same as when first seen. In the remaining 18 patients there was 
an inerease in the factitial changes. 
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In the cases of proctitis or sigmoiditis without ulceration or stricture, the 
edema and redness in the mucosa subsided after the acute stage. As healing 
progressed, the injured areas became paler and a slightly vellowish tinge 
developed. Also, telangiectasis developed and was the source of periodic rectal 
bleeding after healing of the lesion. In 7 of the patients with this type of 
factitial lesion there was an increase in the severity of the condition. Among 
these 7 patients the area of proctitis became more extensive in 1, ulceration 
without stricture appeared in 2, ulceration with stricture developed in 3, and 
in the seventh the rectal lesion remained the same as when first seen but areas 
of factitial ileitis appeared. This condition was observed during the performance 
of an abdominal operation. 

The edema and hyperemia in the margin of the ulcers disappeared after the 
acute stage, and the surrounding collar of proctitis and sigmoiditis became less 
pronounced. As healing progressed, the size of the ulcers decreased. After heal- 
ing was complete, the site of the uleers was marked by paleness and searring of 
the mucosa, in addition to vascular telangiectasis. 

The ulcers in 2 of these patients became rectovaginal fistulas. The fistulas 
appeared three and one-half, and two vears after diagnosis of the factitial dis- 
turbance. The ulcer in one of these patients was 4 by 6 em. in surface dimensions 
when it was first seen. Cross involvement of the rectum by a pelvic malignant 
process was not found at examination either prior to or after the development 
of the fistulas. In another case a stricture developed when the ulcer healed. 

While the patients with proctitis or sigmoiditis with stricture and without 
ulceration were under observation, rectal or sigmoidal ulceration developed in 4 
and a rectovaginal fistula developed in 2. In 1 of these 4 patients who developed 
ulceration, the lesion healed while the patient was under observation. The ulcer 
and stricture in another patient were resected surgically; and the other two 
patients did not return for additional examinations. One of the rectovaginal 
fistulas was repaired surgically and the rectal stricture was resected. In another 
patient a marked rectal stricture became dilated without treatment during the 
ensuing eleven years. 

Kight patients who had proctitis or sigmoiditis with ulceration and strie- 
ture had follow-up examinations. In 5 patients the ulceration healed; in the 
other 3 rectovaginal fistulas developed. These fistulas appeared three weeks, 
three months, and six months after diagnosis of the factitial ulcer. 

Only 1 of the patients who had proctitis and rectovaginal fistula was ex- 
amined more than once. In this instance, the examination was done ten months 
after diagnosis of the factitial lesion, and at the time of examination the fistula 
appeared to be closing spontaneously. Colostomy had been performed elsewhere 
prior to the time of the second examination. 


CASES IN WHICH FACTITIAL PROCTITIS HAD BEEN MISTAKEN FOR MALIGNANT 
INVOLVEMENT OF THE RECTUM 


Nineteen (9.5 per cent) of the 200 patients were referred to the clinic be- 


cause their home physicians had made a clinical diagnosis of rectal carcinoma. 


ourteen of these 19 patients had been told that the original pelvie malignant 
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process involved the bowel. The remaining 5 patients came to the elinie with 
a diagnosis of primary cancer of the rectum. 

No evidence of either a primary or secondary malignant lesion of the bowel 
was found in any ease. A typical factitial lesion of the reetum or sigmoid was 
present in each instance. Factitial proctitis or sigmoiditis without ulceration or 
stricture was present in 4 cases; factitial ulceration without stricture was present 
in 10; factitial proctitis or sigmoiditis with stricture and without uleeration was 
present in 1; and factitial ulceration with stricture was present in the remaining 
4+. The interval of time between completion of irradiation and the appearance of 
the rectal symptoms in these 19 cases varied from two weeks to six months. 


PATHOLOGIC DATA 

Gross Aspects.—As stated previously, 4 gross surgical specimens and 24 
additional specimens taken for biopsy were studied. There was ulceration in 3 
of the gross specimens, and stricture without ulceration in the fourth. 

Patients who had gross uleeration had undergone irradiation of lesions of 
the uterine cervix. In 2 cases the lesion was cancer and in the other, an “‘ulcer.’ 
The onset of rectal symptoms was two months, four months, and eight months, 
respectively, after completion of irradiation. Resection of the injured portion 
of bowel was performed in 2 cases because of stricture and in the third case 
because of severe, repeated rectal hemorrhages. The interval of time between 
the completion of irradiation and resection was nine, nine, and eleven months, 
respectively. 

The patient who had stricture without ulceration had undergone irradiation 
of a cancer of the uterine cervix. The onset of rectal symptoms occurred one 
month after the completion of irradiation. Colostomy had been performed soon 
after the onset of the symptoms arising from the rectum, but the stricture was 
not resected until thirteen years later. 

Pathologic Anatomy.- 

Specimen 1: This specimen consisted of 8 em, of the reetosigmoid and 
sigmoid. In it was an area of ulceration 2 by 2.5 em. in surface dimensions. 
The edges were well defined; the base was slightly ragged. The wall of the bowel 
was thickened and the lumen of the bowel was constricted in the region of the 
ulcer (Fig. 1). 

Specimen 2: This specimen consisted of 15 em. of the rectum, rectosigmoid, 
and sigmoid. Near eaeh end of it was an uleer 2.5 em. in diameter. The uleers 
were 10 em. apart. The edges were well defined; the bases were slightly ragged. 
The wall of the bowel was thickened; there was narrowing of the lumen of the 
bowel in the region of each uleer. 

Specimen 3: This specimen consisted of 25 em. of the anus, rectum, recto- 
sigmoid, and sigmoid. Three centimeters cephalad to the anal margin was an 
uleer 3 by 2 em. in surface dimensions. Three centimeters internal to this ulcer 
was another area of ulceration 1.6 em. in diameter. The edges of the uleers were 
well defined. There was no narrowing ot the lumen of the bowel. 

Specimen i: This specimen consisted of 8 em. of the rectum, rectosigmoid, 
and sigmoid. Marked constriction of the lumen had occurred in the midportion 
ot the diseased area, but there was no gross ulceration. 
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Fig. 1.—Roentgenologic appearance of a factitial (irradiation) stricture in the lower part of 
the sigmoid. 





Fig. 2.—Section removed from the area of factitial (irradiation) proctitis. Note the thickening 
and hyalinization in the submucosa (xX7). 
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Histopathologic Aspects of Specimens With Gross Ulceration.—Blocks of 
tissue were removed from the center of the base of the ulcers, from the marein of 
the ulcers, and at 1, 2, 3, and 5 em. from the margin of the ulcers. As the dis- 
tance from the ulcers increased, the histopathologic changes became less; often, 


at a distance of 3 to 5 em., the tissues appeared to be normal. 


Connective Tissue: Changes in the connective tissue were present in the 
mucosa, submucosa, stroma of the muscle, walls of vessels, and adventitial or 
serosal tissues. Some degree of edema usually was present, and the collagenous 
tissue was hyalinized. The collagen bundles were swollen, glossy, and afibrillar. 
This hyaline change suggested ‘‘setting’’ or ‘‘gelling’’ of the edematous connec- 
tive tissue. These changes increased the thickness of the wall of the bowel, espe- 
cially in the submucosal layer (I*ig. 2). Actual fibrosis was absent except in the 
margin of the uleers. Fibrosis should not be considered a factor in the produc- 
tion of the increased mass of hyaline connective tissue or increased thickness of 
the wall of the bowel. The processes of the fibroblasts were large and distorted. 
The nuclei were swollen, sometimes lobulated, and even multiple, with prominent 
dark nucleoli standing out against a pale background in ‘‘owl’s eye’’ manner. 


No mitotie or proliferative activity was discovered. 


Vessels: The telangiectatic blood vessels constituted a striking feature 
(Fig. 3, a and b). The walls of these vessels were thin, composed only of endo- 
thelial cells. In the vessels with walls composed of intimal, medial, and 
adventitial layers, there were varving degrees of hypertrophy of the intimal 
laver with resultant narrowing of the lumen. Some vessels were completely 
occluded by hyaline thrombi as a result of this intimal hypertrophy. These 
vascular changes were present in sections of nonuleerated tissue, as well as in 
the margin of the ulcers. As the distance from the ulcers was increased, the 
vascular changes grew less; at about 5 em. they usually were absent. 


Mucosa: In the ulcers the épithelial lining was destroyed. Evidence of 
regeneration and healing was minimal. Flat or cuboidal undifferentiated epi- 
thelium grew in for only a short distance from the edge of the ulcers. The 
glands in the mucosa at the margin of the ulcers were only slightly hyperplastic 
(ig. 3, ¢c). 

When the mucosa was not ulcerated, it underwent marked alteration. 
Mucous stasis with overproduction was a common finding. The goblet cells were 
large and full, and were present in great numbers, The glands showed various 
forms and degrees of distortion. Some were short and wide-mouthed, some were 
narrow and elongated, while others were dilated and eystic. Among the cells 
atypical forms were seen frequently and even multinucleate and giant-cell ele- 
ments were observed. 

Muscle: The muscular tissue was altered in many instances. Edema and 
vacuolation of the fibers were present sometimes and, in instances of marked 
change, degeneration and atrophy of the fibers were prominent. Hyalinization 
of the interstitial connection tissue accompanied these changes. 
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Nervous Tissue: The intrinsie ganglionic nerve plexuses stained darkly 
and were prominent against the pale, edematous, hyalinized connective-tissue 
background, especially in the submucosa. In the marked reactions the ganglion 
cells appeared distorted, vacuolated, and degenerated. 

Ulceration and Inflammation: Neerosis was present in the ulcers. The 
necrotic tissue usually presented features which were characteristic. There was 
a distinct, homogeneous, acidophilic, avascular structure with minimal inflam- 








Fig. 3.—a, Section from an area of factitial (irradiation) sigmoiditis: note telangiectasis 
in the mucosa and derangement of the mucosal glands; a portion of the edematous hyalinized 
submucosa also is demonstrated (50); b, a higher-power magnification of a portion of the 
mucosa shown in a, to demonstrate better the thin-walled telangiectatic vessels (245); 
c, the mucosal edge of a factitial (irradiation) ulcer: note the limited amount of regeneration 
(X65); d, factitial (irradiation) proctitis, showing atrophic mucosa, telangiectatic blood spaces, 
and hyalinization of connective tissue and muscularis (50). 
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matory cell infiltration. Sometimes there was no inflammatory cell infiltration. 
The cell outlines in these areas were still vaguely visible and appeared as 
‘ohost’’ cells. 

The inflammatory reaction was not marked and was seen only in the margin 
of the ulcers. The inflammatory cell infiltration extended from the edge of the 
ulcers only a very short distance under the intact mucosa. The plasma cell was 
the predominant cell type in these infiltrations. Only a minimal amount of 
granulation tissue was present. 

The serosal tissue in the region of the uleers was markedly thickened by 
fibrinous deposits and by hyaline changes in the connective tissue. The attached 
fat and mesenteric tissue in immediate relation to the wall of the bowel were 
liberally infiltrated with a mixed type of inflammatory cells and the trabeculae 
of connective-tissue stroma were thickened. 

Histopathologic Aspects of the Specimen With Stricture Without Ulcera- 
tion._—Blocks of tissue were removed from the area of greatest constriction, and 
at 2 and 4 em. from this area. Marked alteration was present in all of the coats 
of the wall of the bowel except in the blocks of tissue removed at a point 4 em. 
from the area of greatest constriction. No inflammatory reaction was seen in 
any of the sections. 

There was marked atrophy of the mucosa (Fig. 3, d¢). In many small areas 
the epithelial cells lining the surface of the mucosa were flat to cuboidal in shape. 
No hyperplastic or regenerative changes were seen in the mucosal glands. Tel- 
angiectasis was present. 

The submucosa was composed of dense, poorly cellular, hyalinized tissue, 
but it was not increased in thickness. No enlarged atypieal fibroblasts, such as 
were seen in other specimens, were present. The most striking change was the 
presence of large, irregular vascular spaces with walls composed only of endo- 
thelial cells. All but two of the vessels with intimal, medial, and adventitial 
lavers were occluded by hyaline thrombi which appeared to be the result of 
intimal hypertrophy. In several areas the submucosal tissue resembled amyloid 
deposit, but was negative when a stain for amyloid was used. 

The museular tissue and the intermuscular connective-tissue stroma were 
hvalinized. In many areas the muscular tissue was replaced by a homogeneous 
hvaline tissue. The tissue adjacent to the wall of the bowel was hvalinized, and 
the majority of the vessels in this tissue were completely occluded. Those whieh 
were not had decreased lumens brought about by hypertrophy of the intimal 
tissues. 

Histopathology of the Specimens Removed for Biopsy.—These specimens 
had been removed from the margins of ulcers and fistulas during proctoscopie 
examination. They consisted of bits of mucosa and portions of the underlying 
tissue. Most of the specimens were taken six to nine months after completion 
of irradiation. The most prominent and constant feature was the telangiectatice 
vessels with walls composed only of endothelial cells. Hyperplasia of the epi- 
thelial cells and mucosal glands was present in many of the sections. In only 
one instance was a malignant process found. The specimen in this instance had 
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been removed from a rectovaginal fistula that appeared three months after ir- 
radiation of a cancer of the uterine cervix. 


TREATMENT 

Medical Treatment.—Treatment should be aimed at control of the distres- 
sing symptoms. Usually, patients can be taught proper care of the rectum, and 
‘an gain much in that manner. They must be informed that treatment generally 
is prolonged, oceasionally for as long as a year or more, before relief can be 
expected. When acute, distressing symptoms are present, the discomfort as well 
as the mental anguish may be extreme. Patients should be reassured. They 
should be made to understand that the condition as a rule responds favorably to 
treatment. 

Rest is essential. A diet that is adequate but low in residue should be 
prescribed. Often some form of sedative may be necessary. Belladonna and 
opium, administered either in suppositories or orally, may be required to control 
tenesmus and pain during the most acute phase of the condition. Intrarectal 
therapy has value. Warm (110° F. or 48.3° ©.) olive oil containing a suspen- 
sion ot bismuth instilled into the rectum is comforting. Some believe that cod- 
liver oil is more efficacious. Warm mineral oil and warm witch hazel also are 
helpful. Two to 3 fluid ounces (60 to 90 ¢.e.) of any of these medicaments may 
he injected into the rectum through a soft rubber catheter. The patient should 
retain the liquid as long as possible. Patients who suffer from tenesmus may ex- 
perience difficulty in retaining the liquid, but usually after a time they are able 
to retain it when given proper instruction and assistance. 

From the beginning, warm, small, cleansing enemas of plain water at 110° 
Ik’. should be used after each defecation to keep the rectum as free of fecal matter 
as possible. This should be done before each injection of medicated solutions. By 
following this plan, the patient will find it much easier to retain the liquid in 
the rectum. Ultimately, many patients can clear the bowel after defecation each 
morning, and the solution injected after irrigation can be retained in the reetum 
until defecation next morning. This is the objective of this phase of the treat- 
ment of factitial conditions, but the response of the acute rectal symptoms to this 
plan varies. Most patients note improvement after institution of the treatment, 
but often complete comfort may not come before the elapse of several months or 
longer. Apparently, the rapidity of symptomatic improvement is not always 
influenced by the type of factitial lesion present. The response of the acute 
symptoms when ulceration is present is about the same as it is when ulceration 
is absent. Likewise, improvement is not necessarily concomitant with healing of 
the lesion. Often patients are relieved of their subjective symptoms before 
complete healing of the lesion occurs. No type of cautery should be applied to 
a factitial lesion, and only the mildest solutions should be used in irrigations or 
retention enemas. 

A most important phase of this treatment is constant supervision of the 
patient by the physician during the early period of management. The response 
to treatment varies widely, and if one method produces poor results, it is im- 
portant to know it early. Difficulty may be experienced by some patients when 
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they are taking the small cleansing enemas preparatory to the injection of 
medicaments. Such an experience may defeat the entire program. Patients 
should be seen every day, and in some cases they should be confined to the hos- 
pital where they can be assured of proper care until they learn how to take eare 
of themselves. The indiscriminate release of opium-laden suppositories to pa- 
tients for the purpose of providing a method of relief from discomfort should 
he condemned. 

Surgical Treatment—Sureical treatment is employed only when complica- 
tions arise, such as (1) obstruction, (2) hemorrhage, and (3) perforation and 
peritonitis. In such cases surgical treatment may be required as a life-saving 
measure. In a second group of cases surgical operation is employed in order to 
make it possible for the patient to live more comfortably. For example: (1) 
a stenosed segment of bowel may be removed; (2) sigmoidostomy may be per- 
formed to mitigate some of the unpleasantness caused by a rectovaginal fistula ; 
(3) a rectovaginal fistula may be repaired; or (4) a stricture may be dilated 
or enlarged by a plastic type of surgical operation. 

Before surgical closure of a rectovaginal fistula is attempted, enough time 
should be allowed to elapse to permit the diseased tissues to recover. During 


TABLE III. FAcTITIAL (IRRADIATION) PROCTITIS: SUMMARY OF 14 CASES IN WHICH 
OPERATIVE INTERVENTION WAS EMPLOYED 


POSTOPERATIVE FOLLOW-UP 


| PRESENT | TIME SINCE 
CON OPERATION 
CASE LESIONS SURGICAL PROCEDURES DITION YEARS |MONTHS 
1 Stricture of upper rectum; Segmental resection of Well 10 ] 
* reetovaginal and vesico stricture with primary 
vaginal fistulas anastomosis; repair of 
fistulas 
9 Stricture of rectosigmoid Seomental resection with Well 5 6 
primary anastomosis 
3 Stricture of rectosigmoid Seomental resection with Well 3 4 
primary anastomosis 
tf Stricture of rectosigmoid Extraperitoneal resection Well 5 10 
5 Uleeration with severe, re- Colostomy; later, combined Well 2 8 
peated hemorrhages abdominoperineal re- 
section 
6 Stricture of upper rectum Colostomy; stricturotomy; Well 2 
colonic stoma closed 
7 Stricture of upper rectum Colostomy; closure of Unknown 
colonic stoma 
8 Stricture of upper rectum Colostomy” Alive 13 
9  Uleerated stricture of mid- Colostomy*; closure of Recto { l 
reetum colonie stoma vaginal 
fistulat 
10 Stricture of sigmoid Colostomy* Well 5 
11 Rectovaginal fistula Colostomy; repair of fis Well 3 l 
tula; closure of colonic 
stoma 
12. + Rectovaginal fistula Colostomy Fistula I 6 
present 
13. Rectovaginal fistula Colostomy Fistula + 
present 
14 Postradiation ileitis Lleocolostomy Well 1 8 


*Operative treatment performed elsewhere. 
+Fistula appeared eight months after closure of colonic stoma, 
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this period the fistula may decrease in size. When an optimal or elective surgical 
procedure is contemplated, the status of the original pelvie pathologie condition 
should be determined. If cancer persists, surgical procedures which are not 
required should not be employed. A summary of the surgical procedures em- 
ployed in the treatment of the 14 patients in this group is given in Table ITI. 


PROGNOSIS 


If the malignant lesion has been destroyed, the factitial lesion usually will 
heal. Sometimes one or more years may elapse before healing is complete. A 
rectovaginal fistula or a stricture may develop and may persist. Some strictures 
may retrogress and some rectovaginal fistulas have been known to close spon- 
taneously. Rectal bleeding arising from the telangiectatic vessels in the mucosa 
will persist long after a lesion has healed. This presents an unfortunate problem, 
and because of it, many patients become ‘‘rectum conscious’ and are never 
relieved of concern. 


COMMENT 


The sensitivity of the intestinal mucosa to irradiation has been understood 
for a long time. Susceptibility in some individuals cannot be determined before 
irradiation, but this factor, too, has been suspected for a long time. Experi- 
mentally, these reactions have been demonstrated. 

When a patient has symptoms related to the terminal portion of the colon 
a history of pelvie irradiation always should direct attention to the possibilits 
of factitial disease. 

The factitial lesions in our series were diagnosed by proctoscopy. Roent- 
venologic studies of the bowel are of value in certain cases in determination of 
the length of the involved segment, and in a few others in discovery of a lesion 
beyond the reach of the proctosigmoidoscope. 

The character of a malignant lesion may be such that the adjacent normal 
tissues cannot be protected when therapeutic doses of radium are applied. No 
correlation of the dose of irradiation with the incidence of factitial lesions has 
been ascertained. The possible occurrence of factitial lesions should be under- 
stood when patients submit to treatment for malignant disease, but it should also 
be understood that such lesions are associated only with insignificant morbidity 
when they are compared to that of malignant processes. 

The role of vascular ehanges in the production of the ulcerative lesions 
that appear months or vears after the completion of irradiation has been the 
subject of much discussion. Some authors believe that vascular thrombosis 
eaused by hyperplasia of the cells in the intimal layer in the small branches of 
the hemorrhoidal vessels results in an infarction of the involved tissue, and that 
this in turn produces ulceration. Others believe that vascular thrombosis plays 
an insignificant part in the pathogenesis of the ulceration. They admit that 
thrombosed vessels are present in the sections of tissue removed from the areas of 
injury, but they have found vessels with patent lumens as well. A study of the 
vascular changes in the sections of tissue removed from pathologic specimens 
with gross ulceration in this series showed that hypertrophy of the intimal tissue, 
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thrombosis, sclerosis, and degeneration become more marked as the marein of the 
ulcer is approached. However, a few vessels with decreased but patent lumens 
were seen in all of the sections in which thrombosis was a prominent feature. 
Thrombosis caused by marked intimal hypertrophy was very prominent in the 
sections taken from the bases and margins of the ulcers. Usually, at 3 to 5 em. 
distance from the margins of the ulcers the vessels appeared normal. In the 
sections of tissue removed from the specimen with stricture without gross ulcera- 
tion, there was complete occlusion of all but 2 of the vessels with medial and 
adventitial coats. These particular vessels had been present at the time of 
irradiation. The only other patent vascular channels seen were numerous large 
irregular telangiectatic spaces with walls composed only of endothelial cells. 
Therefore, it would seem that vascular occlusion induced by irradiation plays a 
significant role in the pathogenesis of ulcers and strictures which develop months 





and years after irradiation. If the ulceration does not develop as a result of an 
area of infarction in the mucosa, then trauma and infection superimposed upon 
an already damaged area of bowel in which the blood supply is limited are 
significant etiologic factors. 


CONCLUSIONS 


Sufficient irradiation to effect a cure of extrarectal pelvie cancer cannot be 
applied without the risk of damage to the intestines. The incidence of such 
injuries cannot be determined without routine diagnostie studies of the intestinal 
tracts of all patients in whom significant intestinal symptoms develop. 

The appearance of intestinal symptoms at any time after pelvie irradiation 
suggests the possibility of factitial disease. 

l‘actitial disease warrants a place in the differential diagnosis of lesions 
of the reetum and sigmoid. Careful studies serve to distinguish irradiation 
injuries of the rectum and sigmoid from extensions of pelvic malignant processes 
and from primary malignant lesions of these segments of the bowel. 

Suecess in the treatment of irradiation injuries of the reetum and sigmoid 
depends upon recognition of the condition, well-planned treatment, and, oe- 
casionally, surgical operation. 

Certain histologic characteristics, although not pathognomonic, are specific 
enough to be highly suggestive of irradiation effect on the tissues of the bowel. 
The primary changes to be looked for are (1) peculiar hyaline change in the 
connective tissue, (2) abnormal fibroblasts, (3) telangiectasis, (4) hypertrophy 
of the intimal laver of the blood vessels, (5) changes in the muscular tissue, and 
(6) epithelial and mucosal changes. 
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L’ostéosynthése Au Clou. By R. Soeur, Chirurgien-Adjoint des Hopitaux de Bruxelles. 
Pp. 130, with 134 illustrations. Paris, 1946, Masson & Cie, Editeurs Libraires de 
I’Academie de Médecine, Les Editions ‘‘ Acta Medica Belgica’’, Bruxelles, Belgium. 
This book is another contribution to the growing literature dealing with the 

intramedullary fixation of fractures of the long bones by means of intra- 

medullary nails. The method, deseribed by Kiintscher in 1940, was introduced 
into France by surgeons in the German armies of occupation. The experience 
of the author with the method began in June, 1948. He has since described his 
results in fifty-five cases in the American literature.* This monograph presents 
essentially the same material greatly enriched by the addition of numerous 
illustrations. The apparatus used for the reduction, the positioning of the 
patient for operation, and roentgenograms of selected cases are carefully illus- 
trated. The result is a graphic presentation of technical details of great value 
to any surgeon who wishes to essay the method. Appended is a short discussion 


ot fractures of the neck and of the trochanter of the femur. 


Announcement 


The Buffalo Surgical Society announces the award of the Roswell Park Medal to 
Dr. Evarts A. Graham for outstanding surgical achievement. 

Dr. Graham will give the Roswell Park Lecture May 5, 1949, at the Kleinhans Music 
Hall, Buffalo, N. Y., 9 P.M. 


*R. Soeur: Intramedullary Pinning of Diaphysea! Fractures, J. Bone & Joint Surg. 28: 309, 
1946; Internat. Abstr. Surg. 88: 279, 1946. 
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SECOND EDITION OF CAMPBELL’S 


OPERATIVE ORTHOPEDICS 


By J. 5. SPEED, M.0., and HUGH SMITH, M.0. 


Both of Memphis, Tennessee 


SECOND EDITION. 1729 pages, 1141 illustrations, 2 color plates. 
IN TWO VOLUMES. Price, $30.00 


COLLABORATORS 


H. B. BOYD, M.D., J. F. HAMILTON, M.D., A. J. INGRAM, M.D., 
R. A. KNIGHT, M.D., M. J. STEWART, M.D., and T. L. WARING, 
M.D., of the Staff of the Campbell Clinic and Faculty of the University 


of Tennessee. 


FRANCIS MURPHEY, M.D., Associate Professor of Neurosurgery, 
University of Tennessee, Memphis; D. B. SLOCUM, M.D., Eugene, 
Oregon; and M. N. SMITH-PETERSEN, M.D., Boston, Massachusetts. 


With the publication of this New Second 
Edition of OPERATIVE ORTHO- 
PEDICS, the Mosby Company brings 
you the only important work in this field 
of medicine. It is a compilation of all 
previous and contemporary operative 
orthopedic technic—and in its new two- 
volume form it assumes monumental pro- 
portions. 


The authors have deviated as much as 
possible from the concise style in the first 
edition. The first edition was written in 
a brief format, assuming that the reader 
could supplement preliminary sketchy 
discussions with his own personal experi- 
ence. In this edition the editors have 
written primarily for the fellowship man 
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3207 Washington Blvd., St. Louis 3, Mo. 


or resident, keeping in mind the limits of 
his experience. They have assiduously set 
forth preliminary data where it was 
deemed necessary to apply properly cer- 
tain surgical technics. To accomplish 
this aim, less than:.one-half of the manu- 
script is preserved in its original form 
from the first edition. One-third of the 
illustrations have been eliminated and 
replaced by twice their number. Three 
new chapters—Preoperative and Post- 
operative Care, Peripheral Nerve Injuries, 
and Amputations—have been added. 


New sections have been written on Mold 
Arthoplasty, Ruptured Intervertebral 
Discs, and Difficult and Unusual Non- 
unions. 


Please send Speed-Smith’s Second Edition of “Campbell’s Operative Orthopedics.” 


In Two Volumes. Price, $30.00. 


[] Enclosed find check. 


[] Charge 
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Volumes V, VI, VII, VIII and the Index Volume are expected during 
the next year. 


‘‘The new BRITISH SURGICAL PRACTICE will meet an en- 
thusiastic reception, and will appeal in particular to specialists 
in surgery, general surgeons and general practitioners who do 
surgery. It is profusely illustrated and many fine color photo- 
graphs are included. Each chapter is edited by an outstanding 
and recognized authority in his particular specialty. A handy 
and comprehensive index heads each chapter and adds much to 
the value of the book for the busy surgeon. A brief bibliog- 
raphy follows each chapter. The references are up to date and 
it is noted that many American surgeons are included. From 
the list of outstanding authorities selected to edit future 
volumes, this Practice of Surgery bids fair to be the finest work 
that has come from the British surgeons. It should be in the 
library of everyone interested in surgical diagnosis and practice.’’ 
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New (4th) Edition—Just Ready 


Partipilo—Surgical Technique and 
Principles of Operative Surgery 


By A. V. PARTIPILO, M.D., F.A.C:.S. 


Associate Clinical Professor of Surgery, The Stritch School of Medicine, Loyola University: 
Senior Attending Surgeon, Columbus and St. Mary’s Hospitals; 
Attending Surgeon, Mercy Hospital, Chicago, Ill. 


AND CONTRIBUTORS 


997 Illustrations on 541 Figures! 


Dr. Partipilo and his co-authors have com- 
bined their wide and varied surgical ex- 


eriences to present the detailed surgical 
| 


technique of virtually every operative pro- 


cedure one may have oeeasion to use, 
whether it be in general or specialized sur- 
very. The book abounds with original, 
step-by-step line drawings carrying leg- 
ends so clear and precise that nothing 
short of actual attendance in the operat- 
ing room amphitheatre itself can give such 
lueid word and picture guidance. In addi- 
tion to surgical technique, emphasis is on 
diagnosis, indications for operation and 
pre- and postoperative treatment. 


New (4th) Edition. 676 Pages (7”" x 


10" }. 


Although this book has through 
three previous editions, the revised and 
fully up-to-date new (4th) edition is the 
first published by Lea & Febiger. It is 
well over 100 pages larger than the last 
edition and contains more than 100 new 
illustrations. New chapters have been 
added on surgery of the chest; of the 
pancreas; and of the peripheral vascular 
on facial injuries, duodenal ob- 
struction, vagotomy, varicocele, hydrocele, 
ventral hernia and physiology of the 
stomach and physiological basis for the 
surgical treatment of peptic uleer. 


vone 


diseases ; 


997 Illustrations on 541 Figures. $15.00. 


New Book—Just Published 
Quiring—Collateral Circulation 


By DANIEL P. QUIRING, PH.D. 


Head of the Anatomy Division, Cleveland Clinic Foundation; Associate Professor of 
Biology, Western Reserve University 


Dr. Quiring presents the anatomical 
aspects of collateral circulation and at 
the same time includes a discussion of the 
factors to be considered in determining 
the success or failure of a collateral net- 
work. Graphically illustrated are many 
of the available arterial and venous path- 
ways which may replace the original 
vessels after occlusion or obliteration. 


New Book. 142 Pages. 


LEA & FEBIGER 


Please send me the books indicated below: 


[_] Check enclosed. 


CL] Quiring—Collateral Circulation 


Dr. (please print 


Address =f ht Mere et 










March, 1949 


61 Illustrations, 


[] Bill me at 30 days. 
[] Partipilo—Surgical Technique and Principles of Operative Surgery_- 


This convenient compilation of material 
on collateral and anastomosing arterial 
and venous channels will prove useful to 
surgeons as an aid in determining sur- 
gical approaches. Anatomists and medical 
students will find it valuable as a guide 
to these chief anastomosing channels. 
Cardiologists will find helpful the data on 
re-vascularization of the heart. 

i6 in Color. $5.00 


WASHINGTON SQUARE 
PHILADELPHIA 6, PA. 


(] Charge on your partial payment plan. 
--$15.00 
5.00 


Zone 
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CANCER CAN 
STRIKE ANYONE 
guT YoU CAN Strike Back - 


AVING lives from eaneer is 
not only humanitarian work but 
“ood business as well, according 
to the American Cancer Society 
which begins its annual fund- 
raising campaign April 1. 


The Society hopes to raise 
at least 14,500,000 during the 
1949 campaign. If this invest- 
ment results in saving only 1,261 
lives, the public would break even 
on the transaction, an ACS state- 
ment points out. 





AMERICAN CANCER SOCIETY 


This is arrived at by dividing $14,500,000 by the cost per cancer 
death. The latter figure is estimated conservatively at $11,500 which 
includes about $1,500—for medical care, time lost from work during 
illness and burial charges—plus $10,000 which is a figure generally 
accepted as an estimate for the lost of vears of continued productive 
employment. 


Nearly 200,000 Americans die of cancer every year. More than 
65,000 of these victims could be saved by early diagnosis and prompt 
treatment with radiation and surgery. This is the potential out of 
which the ACS investment will pay off if only a fraction can be 
saved. 


But that is not the goal of the American Cancer Society. Even- 
tual control of the disease is aimed at through a $9,500,000 research 
program which maintains more than 200 projects where scientists 
seek the causes and cures of all types of cancer. 


In the meantime, additional millions of dollars are needed to 
carry on the education and service programs of the ACS. 


American Cancer Society, Inc. 
47 Beaver Street — New York 4,N. Y. 
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PROCEEDINGS of the THIRD AMERICAN CONGRESS 


on OBSTETRICS and GYNECOLOGY 


St. Louis, September 8-12, 1947 
Sponsored by The American Committee on Maternal Welfare 
This comprehensive volume will make available to you the entire Proceedings 


of the first AMERICAN CONGRESS on OBSTETRICS and GYNECOLOGY to be 


held since the end of the wa 





More than threescore representative papers and discussions by such eminent 











1uthorities as Adriani, New Orleans; Allen, Chicago; Baer, Chicago; Bapftisti, 

Hagerstown; Brewer, Chic age Brown, Iowa — Rss mint, mae 1S City; 
Carter, Duke University; Cosgrove, New York; Davis, University of Chicago; Douglass 
U. of Maryland; Eastman, - ‘ag Ho; ki ns Medical School; Faulkner, Clevel ae Greenhil 
Chicago; J. A. Hardy, Jr., Louis; Jamison, Saranac “1 iin, Jenson, St. Louis; Titel 
New York City; Meigs, ei —_ yert, Dallas; Novak, Baltimore; Philp ott, Montreal; 
Plass, Iowa City; Potter, Chicag Randall, Rochester; Reis, aie 190; Rock, Boston; 
Schmitz, Chicago; Schumann, Philadelp hia; Pers son, res re es Nalters, New York; 
Waugh, Rochester; White, Boston, and Williams, Philadelphia. George W. Kosmak, 


editor. 


Timely, inclusive consideration of such subjects as Anesthesia and Analgesia 
in Obstetrics; Treatment of Cervical Carcinoma; Cesarear Toward 
po Better Maternal and Newborn Care; Sterility and Infertility; Emotional Aspects 
of Pregnancy; Toward Meeting Total Needs of the Maternity Patient; Pregnancy Com- 
3 J j 3 
plications; Education in Maternity Nursing; —— Advances in Endocrinology; Abor- 
tion; Asphyxia; Myoma; Prolonged Labor; Ea Ambulation; Adolescence, Genital 
t 

Relaxations; Ovulation; Menopause; Cystic Ov 1ries; Ulerivn Bleeding; Nutrition; 
Geriatric Gynecology; Endometriosis and Erythroblastosis. 









Calculated to serve as a current reference work covering the entire field of 
clinical obstetrics and gynecology, as well as a complete, accurate record 
Exe] of the Proceedings of the Congress. @ Essential in. the libraries of obstet- 
ricians, gynecologists, general practitioners, other medical specialists; nurses, hospital 
administrators, public health workers, educators, and others interested in maternal 








welfare and the protection of the fetus and the newborn. @ Approximately 450 pages, 
T° x 1012", rated, eagearsseael blue clothbound. Price ) $8. 00. 
Price advances to $9.00 at time of | icati 


LIMITED EDITION—ORDER NOW TO ENSURE “PRIORITY DELIVERY 
AND LOW PREPUBLICATION PRICE 


To Western Journal of Surgery Publishing Company, 
ORDER FORM 302 Phoenix Building, Portland 4, Oregon. 





Herewith is my order for (copy, copies) of the Proceedings of the Third American Con- 
jress on Obstetrics and Gynecology—1947, to be delivered to me immediately upon publication. 


I enclose $8.00 « covering prepublication cost per volume, including U. S. Postage. 


Name bee ES apm OO deta: ee a ees ee eee 
Address UEP pe eter ee ae [eee eee ; a 
Please type or handletter ir mail today. Note: Price advances to $9.00 at time of publication. 





March, 1949 
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Pathology 


Kdited by Ww. A. D. ANDERSON, M.A., M.D., Professor of Pathology 
and Bacteriology, Marquette University Sc hool of Medicine, Mites iukee, 
Wisconsin. 


1500 Pages 1183 Illustrations, 10 Color Plates PRICE, $15.00 


Dr. Anderson has brought together—in one prodigious and authoritative volume—the specialized 
knowledge of a number of pathologists in particular aspects or fields of pathology. Each Col- 
laborator was chosen for = tanding qualifications in his own work—thus making the book, unlike 
other textbooks on pathology, strong in every phase. 


COLLABORATORS 


rere 




















































Arthur C. Allen, M.D., Assistant Pathologist, Enrique Koppisch, M.D., Professor of Path- 
Memorial Hospital, New York. ology, School of Tropical Medicine, San Juan, 
J. E. Ash, Colonel U.S.A. (Retired) Scientific Puerto Rico. 

Director, American Res istry of Pathology, John E. Kraus, M.D., Director of Labora- 
Army Institute of athology, Washington. tories, St. Francis Hospital, Peoria, Illinois. 
D. C. . . : Joseph F. Kuzma, B.S., M.D., M.S., Assistant 
Roger Denio Baker, M.D., Professor of Professor of Pathology and Bacteriology 
Pathology, Medical College of Alabama, Bir- Marquette University School of Medicine, 
mingham. a Milwaukee. j 

William H. Bauer, M.D., D.D.S., Professor Madge Thurlow Macklin, A.B., M.D., LL.D., 


of Pathology, St. Louis University School of 
Dentistry, St. Louis. 

Granville A. Bennett, B.S., M.D., Professor 
and Head of Department of Pathology, Uni- 
versity of Illinois College of Medicine. 


Research Associate and Lecturer in Medical 
Genetics, Department of Medicine, Ohio 
State University. 

Morton McCutcheon, M.D., Professor of Path- 


Edward L. Burns, M.D., Pathologist, Mercy ology, University of Pennsylvania, Phila- 

Hospital, Toledo, Ohio. delphia. 

Paul R. Cannon, M.D., Professor of Pathol- Jeff Minckler, M.D., Ph.D., Director of Lab- 

ogy, University of ¢ “hic aro. oratories, Providence Hospital, Portland, 

E. V. Cowdry, Ph.D., Professor of Anatomy, Oregon. 

The School of Medicine, Washington Univer- Virgil H. Moon, A.B., M.Se., M.D., Professor 

sity, St. Louis. of Pathology, Jefferson Medical College, 

Charles E. Dunlap, M.D., Professor of Path- Philadelphia. 

ology and Bacteriology, School of Medic ine, Alan R. Moritz, M.D., Professor of Legal 

a Tulane University of Louisiana, New Medicine, Harvard University, Boston. 
‘Teans. 


S. B. Pessin, M.D., Associate Professor of 
Pathology and Bacteriology, Marquette Uni- 
versity School of Medicine, Milwaukee. 
Pro- Henry Pinkerton, M.D., Professor of Path- 
fessor of Pathology, University of Southern rt ig — Ry SENOS OS: Ae 
California School of Medicine, Los Angeles. Sorclig ag gaat : : 

Bela Halpert, M.D., Professor of Clinical Edgar R. Pund, A.B., M.D., F.A.C.P., Pro- 
Pathology, University of Oklahoma School otf fessor of P wigan’ University of Georgia 
Tedicine, Oklahoma City. School of Medic ine, Augusta. 


F. D. Dunn, A.B., M.D., Ph.D., Professor of 
Pathology, University of Utah School of 
Medicine, Salt Lake City. 

Ernest M. Hall, M.S., M.D., F.A.C.P 


oward C. Hopps, M.D., Professor of Path- Maurice N. Richter, M.D., Professor of Path- 
aay, Wehecl OF Miaticine of the Universit; olozy, New York University School of Medi- 
of Oklahoma, Oklahoma City. cine, 
Helen Ingleby, M.B., M.R.C.P., Pathologist, John R. Schenken, B.S., M.D., Professor of 
Jewish Hospital, Philadelphia. Pathology and Bacteriology, College of Medi- 
Walter W. Jetter, M.S., M.D., Assistant Pro- cine, University of Nebraska 
fessor of Legal Medicine. Harvard Univer- Walter Schiller, M.D., Pathologist, Women 
sity Medical School, Boston. and Children’s Hospital, Chicago. 
Paul Klemperer, M.D., Pathologist to Mount Shields Warren, M.D., Director of Division 
Sinai Hospital, New York: Clinical Professor of Biology and Medicine, Atomic Energy 
of Pathology, Columbia University. Commission Captain (M.C.) USNR 


a 
MJ 
THE C. V. MOSBY COMPANY, 3207 Washington Blvd., St. Louis 3, Mo. 


Please send me a copy of PATHOLOGY by Anderson & Collaborators 
The price is $15.00. 


Enclosed 


find check. OJ Charge my account. 
Name 


Address 
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BUT THIS IS EASY 





SuRE, you believe in saving. 





But it’s hard to take cash out of your pocket, 
time out of your day, to do it regularly. 


The sure way, the easy way to do your 
saving is to get started on an automatic sav- 
ings plan with U. S. Savings Bonds. Like 
this... 


1. If you’re on a payroll, sign up in the 
Payroll Savings Plan, then forget it. From 
then on the money saves itself—so much 
per week, or so much per month. 


2. If you’re not on a payroll, sign up at 
your bank for the Bond-A-Month Plan. 
You decide how much to put into bonds, 
your bank does the rest. 


In just ten years after you start buying 
bonds, your money starts coming back to you 
$+ for every $3 you put in. 


AND THIS IS And remember—any time you need your 


money for emergencies, you can get it back 


MIGHTY WONDERFUL in minutes without losing interest. 





Automatic saving is sure saving—US. Swings Bonds 


Contributed by this magazine in co-operation with the 
Magazine Publishers of America as a public service. 
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INDEX TO ADVERTISERS 


Please mention “SURGERY” when writing to 


our advertisers—It identifies you 
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responsible for any errors or omissions. 
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therapy. 





@ More than 200 new illustra- 
tion added and substituted. 


@ All recent developments in 
theory and practice included. 


@ Section on war wounds re- 
vised especially with regard to 
skeletal fixation and chemo- 


1300 pages 
THE C. V. MOSBY COMPANY — 


Key | or 


4th Revised Edition 


FRACTURES, DISLOCATIONS 


AND SPRAINS 


® Complete 


Spine. 


tions. 


By John Albert Key, B.S., M.D., and H. Earle Conwell, M.D., F.A.CS. 
1316 illustrations 


ST. LOUIS 3, MO. 


Price, $15.00 


Publishers — 


the 
of the 


revision 
chapter on Injuries 
Davis contributes 
description of his gravity sus- 
pension method for the treat- 
ment of compression fractures 
of the spine and the section on 
cervical fractures and disloca- 
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